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EDITORIAL SUBJECT INDEX 
1956 HANDBOOK 
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Acceleration in harmonic motion 
Accessories, engine 
Adhesive bonding 
AISI alloy steel compositions 
Aluminum 

alloys, designations 

coatings 

forging 

nickel alloy 
Analysis of plain journal bearings 
Area, curved surfaces 
Assembly, 

bolted joints 

clad steel 

electronic design 
Automated production, engineering 

problems in 


5... 
Base pitches for involute spur gears 
Basic circuits, magnetic amplifiers 
Beams, steel 
Bearings 
ceramic 
journal 
plastic 
Bending of, 
preplated metal 
stainless steel 
Blanking, preplated metal 
Bolts, 
titanium 
steel 
Bonding, adhesive 
Braking, electrical 
Brazing, 
Process and filler metal 
silver 
stainless steel 
tensile strength 
Buckling table for steel beams 
- 
alculating area of curved surfaces 
alibration, photoelastic models 
arbon steel, castings 
‘ast alloys, strength of 
‘ast iron, stress factors in 
'astings, 
carbon steel 
centrifugal 
investment 
eramics, mechanical parts of 
ermets, 
thermal shock, for 
titanium carbide, of 
hain drive selection 
hem-milling 
hromium, 
coating 
hard plated parts of 
ircuits, 
counting 
electronic design 
photoelectric 
pneumatic 
functional 
supply 
power control 
speed switching 
trigger 


Clearances, optimum in pump and 
hydraulic motors 
Clutch design, expanding shoe 
friction 
Coating, 
low emissivity 
metal 
refractory 
vacuum 
Cold 
forming, hollow parts 
pressing, cermets 
working 
steel 
titanium bolts 
Components 
ceramics 
plastic 
selection for envioronmental 
conditions 
Computers, mechanical and 
electronic 
Computing service 
Construction, mold 
Control, 
circuits, magnetic amplifiers 
electronic design 
pneumatic 
power 
residual stresses 
Coupling of parallel shafts 
Creep properties 
ductile iron 
Nimonic 95 
Cost, chromium plating 
Cutting, stainless steel 
Cylinders, stress chart for thick 
is. 
D-c braking 
Deep drawing, stainless steel 
Designation, aluminum alloys 
Diesel engine, design and 
performance 
Dimensional tolerances 
investment castings 
powder metal 
Dimensioning, true position 
Down time limitation 
Drawing notes for interchangeability 
Drawing, preplated metals 
Drives, synchronous motors 
Dual-metal centrifugal castings 
Ductile iron 
dba: 
Effect of length of engagement on 
tapped holes 
Electrical braking 
Electronic 
computers 
design check list 
devices, removing heat from 
standard symbols 
Elongation, steel bolts 
Engine 
accessories 
component design 
Diesel 
mounting 
two-cycle 
Environmenta! conditions; for 
component selection 
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Equations, for solving planetary 
gear ratio 

Etching, preplated metals 

Extrusion, cermets 


—— 
Fabtication 

cermets 

clad steel 

preplated metals 

stainless steel 
Factors affecting 

bond strength 

chain drive selection 
Fastening, sheet metal parts 
Fatigue characteristics of spring 

material 

Felts 
Fillers for, 

brazing 

Teflon 
Filters, system protection 
Filtrations terms 
Fixed core transducers 
Flanged joints, bolted 
Forging, 

aluminum alloy 

stainless steel 

temperature for steel 
Forming, 

parts by rubber 

preplated metal 
Frictional damage of metals 
Frozen mercury, castings by 
Fuel injection, Diesel engines 


و 
Galling, titanium bolts‏ 
Gaskets, plastic‏ 
Gear tooth interference, avoiding‏ 
Gears,‏ 
involute spur F‏ 
nylon, working stress of C 24‏ 
planetary E 12a‏ 
Glass, polyester premix C17‏ 
Grade selection thermosetting plastic. C 16‏ 


idi. 
Harmonic motion, acceleration in 
Heat, 

hydraulic circuits 

removal from electronic devices 
Helical wire inserts 
Hot pressing, cermets 
Hydraulic, 

servo design 

valve lifter design 
Hydraulic vs pneumatic operation 


culties 
Inserts, 

helical wire 

plastic gears 
Interference, gear tooth 
Iron, ductile 
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Joints, 
adhesive bonded G 
bolted G 
brazed G 
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Joining, 
comparison of methods 
parts without fasteners 
stainless steel 

Journal bearing, analysis of 


— 
Lacquers, for vacuum coating 
Laminated plastic, properties of 
Linear programming 

Linear sine paper 

Lubrication, hydraulic valve lifters 


E 
Machine requirements, automation 
Machining, 
designing parts for economical 
stainless steel 
Magnetic amplifiers 
Magnesium 
Maintenance of joints 
Makers, digital computers 
Manganese steel 
Materials, 
copper base 
electronic design 
ferrous base 
for vacuum coating 
spring 
surface endurance limit of 
Mechanical 
computers 
parts of, 
ceramics 
filled Teflon 
nylon 
Teflon 
Metal to metal bonding 
Metals, 
chromium 
characteristics of 
coatings 
ductile iron 
magnesium 
Nimonic 95 
preplated 
roll forming, for 
ruber forming, for 
stainless steel 
thermenol 
titanium carbide 
Methods, electrical braking 
Milling by chemistry 
Molding, plastic 
Moment, steel beam table of 
Motion transducers 
Motor torque and temperature data 
Motors, synchronous 
Movable core transducers 


— 
Nimonic 95 
Nomograph 

thermistors 


weights of tubes, for 
Non-rubbing seals 


er 


Operations research 

Operation, hydraulic valve lifters 

Optimum clearance in pump and 
hydraulic motors 


—P— 
Packings, plastic 
Parallel shafts, coupling of 
Parts 
cold forming of hollow 
joining 
rubber forming of 
Performance 
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Diesel engines 
two-cycle engines 
Photoelastic models, simplified 
calibraticn of 
Photoelectric relays and circuits 
Planetary gears 
Plating, chromium 
Plastic, 
designing with 
gears 
glass polyester premix 
laminated thermosetting 
mechanical parts of 
Polyester, glass premix 
Pneumatic circuits for aircraft 
Pneumatic-electric relays 
Pneumatic power for control systems 
Pneumatic valve design 
Powder metal processes 
Preplated metals 
Problems, tools and cutting 
Process, 
brazing 
chem milling 
forming of hollow parts 
frozen mercury 
powder metal 
roll forming of toothed parts 
Production, automation 
Properties of, 
cast iron 
ceramics 
cermets 
chem milled materials 
chromium 
cold formed parts 
ductile iron 
felt 
magnesium 
nickel aluminum 
Nimonic 95 
plastic 
friction and wear 
glass reinforced 
thermoplastic 
thermosetting 
powder metal 
spring material 
stainless steel 
thermenol 


MU T 
Racks, for spindles and sleeves 
Radioisotopes 
Refractory, 

coatings 

metals, silver brazed 
Relays, pneumatic-electric 
Residual stresses, control of 
Riveting, 

preplated metal 

stainless steel 
Roll formed toothed parts 
Rubber forming 
Rubbing seals 


ы 
Seals 

ceramic 

non-rubbing 

rubbing 
Seaming, preplated metals 
Season cracking, control of 
Selection, 

chain drive 

components for environmental 

conditions 

Servo design, hydraulic 
Sheet metal parts, fastening of 
Silicon, coating 


1955 


Silver brazing of refractory metals 
Slip casting, cermets 
Soldering, 

preplated metal 

stainless steel 

ultrasonic fluxless 
Spinning, stainless steel 
Springback, magnesium 
Springs 
Standards 

carbon steel castings 

electronic symbols 
Starting, Diesel engine 
Steel, 

AISI composition 

beam tables 

clad 

manganese 

preplated 

stainless 

working of 

Strength of, 

adhesive bonds 

brazed joints 

cast alloys 

tapped holes 
Surface, 

area of curved 

damage to metals 

endurance limit 
Synchronous motor drives 
System protection through filters 
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Tapped holes, strength of 
Temperature effect on, 

cast alloys 

coatings 

gaskets 

magnesium 

Nimonic 95 

packings 

spring materials 
Thermal shock, cermets 
Thermenol 
Thermistor, nomograph 
Thick cylinder stress charts 
Threads, design of chased 
Titanium, bolts and fasteners 
Titanium carbide 
Tooth forming 
Torque, bolts 
Transducers, motion 

wheatstone bridge 
Transistors, future of 
Treatment, 

felt 

powder metal 
Turbine pump, design and 

application 
Two-cycle engines, design and 
performance 

Types of, 

ductile iron 

metal damage 
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Ultrasonic fluxless soldering 


NEC 


Vacuum tube, future of 
Viscosity conversion chart 


Bt 
Weight of tubes, nomograph 
Welding, 
preplated metal 
stainless steel 
Wiring design 
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Acrylic finishes 
Acrylic plastics 
Adhesive bonded joints 
Air-cooled engines 
Air Force manuals 
Air motors 
AISI 403 steel 
Alkyd resin finishes 
Alloys 
heat resistant 
brazing 
casting 
known types 
thermal conductivity 
see also specific metals 
Aluminum 
allowable compressive stress 
alloys 
brazing 
casting 
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forging 
paper-thin 4 
powder 4 
welding í 
as a material base 4 
butt joints, welded 5 
cold welding of í 
5 
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electroplates for 
honeycomb 
stud welding 5 
welded by shielded arc 5 
American Standards 
plain washers 
small solid rivets 
Amplifiers 
large rotating 
power 
voltage 
Anacom, analog computer 
Analog computing system 
Arc-welding 
aluminum alloy plates 
shielded-tungsten 
Argon, radioisotope 
Army instruction manuals 
Aspects of design 
ASTM system for specifying cellula 
rubber compounds 
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Ball bearing, load and life chart 
Ball detent clutch 
Bar slides, round, for machines 
Bearing failure mechanism 
Bearings 

Axial thrust 

effect of dirty oil on 


Prefix numeral 4 before Section letter indicates 1954 Handbook; 


the prefix numeral 5 before Section letter indicates 1955 Handbook. 


greases for motor 5 
jewel 5 
load analysis with polar diagrams 5 
retaining, design of 4 
roller, load and life 5 
self-lubricated 4 
Belleville spring 
nomogram 
Bellows, metallic 
Belt drives 
mechanism for adjusting tension 
toothed (Timing) 
Belts 
rubber transmission 
Timing 
Bend radii for magnesium 
alloy sheet 
Bismuth 
metal 
powdered 
Bolted joints, fatigue resistance 
Bonded rubber to metal joints 
Boundary layer, hydrodynamic 
design 
Brakes, magnetic 
Brass 
thermal conductivity 
tolerance for stamping 
Brazing 
recommended temperatures 
service requirements for 
Break even charts { А 25, 
Bridgman closure 
Bright nickel plating 
Bronze, powdered 
Brushes, collector, copper-graphite 
Butadiene-styrene plastics 
Butt welding 


E. 


Cable-pulley systems 
Calculation of G loading 
Calculator 
card programmed 
drum 
number systems 
Cam and roller clutch 
Cams, constant torque power 
Capacitor 
commutator tachometers 
tantalytic 
types of 
Carbon 
effect in ferrous alloys 
radioisotope 
steel 
stud welding process 
welded by shielded arc 


Cast iron 
effect of carbon on 
gray 
malleable 
nodular 
porcelain enameling 
welded by shielded arc 
Casting 
comparison of methods 
die 
precision 
tolerance 
shell molded stainless steel 
Cathode ray tubes 41 14,4 
Causes of bearing failures 
Cellular rubber 
Ceramics, properties of 
Chemical resistant plastics 
Chlorine, radioisotope 
Chrome nickel alloys, stud welding 5 
Chromium 
alloys 
casting 
electroplates for aluminum 
plating solutions 
metal 
Circuits 
electronics 
hydraulics 
pneumatic cylinders 
rectifiers 
rotating amplifiers 
Clutches 
magnetic particle 
mechanical types 
small for precise service 
Coatings 
fluorocarbon 
organic barrier 
synthetic 
see also finishes 
Cobalt 
metal 
powdered 
Cold extrusion of metals 
lubrication 
Combustion chamber shape 
Commercial instruction manuals 
Components, powdered 
Composite metals 
Compression springs 
Computers 
a-c analog 
d-c analog 
automatic 
anacom 
analog 
digital 
Computing systems, analog 
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Condenser systems, measuring 
device 
Conductivity, thermal 
AISI 403 
aluminum 
alloy 14S 
alloy 24S 
alloy 35S 
brass 
Inconel X 
molybdenum disilicide 
N-155 (low C) alloy 
Nimonic 80 alloy 
Refractaloy 26 
S816 alloy 
silver 
stainless steel 
X-40 alloy 
Constant torque power cams 
Control device, torque motor 
Control of double acting 
pneumatic cylinders 5 
Controllers 
Contactor types 4 
pneumatic 5] 
t 
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servo 4 H 13, 
servo motor 
Controlling heavy loads with 
amplifiers 
Copper 
alloys 
paper-thin 
powder 
welding 
stud of nickel alloy 
brazing 
welding 
shielded arc 
Corrosion protection, metal í 
Corrosion resistance of electroplated 
aluminum 5 
Corrosion resistant metals and alloys, 
Directory of producers 5 
Cost analysis 4 
Cost 
estimating, instruction 
research of, control of 
Critical speed of shaft 
multiple span 
end supported 


iiio. 


De Boer-process zirconium, 

characteristics 
Delta gaskets 
Devices, pneumatic 
Die cast parts, ways to attach 
Die casting, change-over design 

tips 5 
Diesel engine performance improved 

by experimentation 5 
Differential transformer 

applications 
Direct current motors 
Directory of Trade Names 

for corrosion resistant metals and 

alloys 5 19 
Displacement measuring trans- 

ducers I 
Drafting, simplified A 
Drawing vs spinning, unit cost á D 34 
Drawing of magnesium strip D 5 
Drives, geneva í E 26 
Drop hammer forming magnesium 

sheet уэ 
Dynamics of spring motion 5 F 21 


15 


ell. 


Effect of combustion chamber 
shape 
Elastomers, organic barrier 
Electric heating elements 
Electric symbols and standards 
Electro-mechanical position trans- 
ducers 
Electronic circuits 
for inspection and control 
Electroplates for aluminum 
chromium 
nickel 
Embedability rating of bearing 
material í 
End supported shafts, critical speeds 5 
Engines 
air-cooled 
combustion chamber shape 
Diesel engine performance 
matching to torque converter 
speed governors 
Epoxy plastics 
Equivalent moment of inertia 
Error measuring devices 
Examination of failed bearings 
Exon plastic 
Expanded rubber 
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Factors of safety in tolerance 
specifications 
Failure of sleeve bearings 
Fastening 
die cast parts 
methods 
brazing 
pressure connecting 
riveting 
twisting 
welding 
proposed unified, aircraft 
Fatigue strength 
bolted joints 
flush-riveted joints 
welded aluminum butt joints 
Ferrous 
alloys 
carburization 
decarburization 
effect of carbon 
base metals composites 
paper-thin 
Fillet clearance for end welded 
studs 
Filters, porous 
Finishes, synthetic 
see also coatings 
Flexure pivots 
Flowed-in gaskets 
Fluorocarbons 
coating 
lubricant 
plastic 
Foam rubber 
Force analysis for cams 
Forgings 
design of 
large 
design problems 
cost 
tolerances 
Forming magnesium sheet 
Friction analysis of cams 
Friction variable speed drives 
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Fundamentals of selecting locknuts 5 G 
Furane plastics 4С 
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G loading calculator 
Gasketless lap joints 
Gaskets 

cellular rubber 

delta 

flat 

flowed-in 

high static pressure 

wave ring 
Gears 

design data from sample gears 

fiber cushioning, damping 

characteristics 

sheet metal 

spiral, graphical solution 
Gear train design 
Geneva drives 
Glass, attaching metal to 
Glass-fiber reinforced plastics 
Governors, speed 
Graphical 

determination of stresses defining 

unstable conditions 

solution of spiral gear problems 

symbols for hydraulic circuits 
Greases for electric motors 
Gyration, radius of 
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Heating elements, electric 
Heat exchangers 
corrosion-resistant 
extended surface 
spiral 
trends in 
tubular 
Helical springs, uses 
High temperature data 
molybdenum 
Honeycomb, aluminum 
Horsepower capacity 
rubber belts 
Timing belts 
Hydraulic 
circuits, pressure surges in 
machines, safety devices 
+ J 19,4 J 20, 
servo design 
standards, J.I.C. 
Hydrodynamic design 
Hydrogen, radioisotope 


Immersion heaters 
Inconel X 

thermal conductivity 

welded by shielded arc 
Indices for chemical resistant 

plastics 
Inertia, rotational, calculation of 
Instruction manuals 

commercial 

Air Force 

Army 

Navy 
Insulation, thermal properties of 
Interlocks 

electric 

hydraulic 
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Intermittent drive mechanisms 
lodine, radioisotope 
Iron 
metal 
powder 
see also Ferrous 


—jJ— 
Jewel bearings 
J.L.C. hydraulic standards 
Joints 
adhesive bonded 
flush-riveted 
fatigue tests 
static tests 
gaskets for high static pressure 
latches 
riveted, design of 
rubber-to-metal bonded 


die. 


Kel-f plastic 


Kroll-process zirconium character- 


istics 
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Large rotating amplifiers 
Latches, screw-type 
Lead 

alloys, welded 

metal 
Lead-clad metals 
Lens ring gasket 
Linings, organic barrier 
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radioisotope 
see also specific metals 
Molded plastic parts, design 
fundamentals 5 
Molybdenum disilicide, thermal 
conductivity 5 
Molybdenum and molybdenum base 
alloys, high temperature data . 5 
Moment of inertia 4 
Motors 
air 
electric 
d-c 
greases 
NEMA standards 
overload relay protection 
polyphase 
servo 4H 13, 
small 
squirrel cage 
torque 
universal 
wound rotor 
Mounting for jewel bearings 
Movable-anode tube gages 
surface roughness 
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N-155 (low C) alloy, thermal 
conductivity 
NEMA standards 
integral hp motors 
torque motors 
Nickel 
alloys 
brazing 
welding 
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Phosphorus, radioisotope 
Pinner nickel plating 
Pivots, flexure 
Plastic parts 
assembly methods 
inserts 
laminated stock 
molded 
Plastics, indices for chemical 
resistant 
see also specific types and trade names 
Polyethylene plastics 4С 
Potentiometer, precision, as voltage 
divider 
Power amplifiers 
Pneumatic 
controller and devices 
cylinder, double acting 
operators, basic principles 
predicting pressure drop 
Polar diagram for bearing load 
analysis 
Polyphase “motor 
Poreclain enameling, design for 
Porous components 
Position transducers, 
electromechanical 
Power cams, constant torque 
Press, forging, capacity 
Pressure 
drop in pneumatic components 
surges 
hydraulic 
suppression 
Pressure type connections 
Project planning 
approach to 
Projection welding 
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Locating end weld studs 
Locknuts, fundamentals of selecting 
Lubricants, fluorocarbon 


Protecting motors from overloads 
Pulleys, for 
cables 


shielded arc 
electroplate for aluminum 
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Lubrication, greases for electric 
motors 
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Magnesium 
allowable compressive strength 
alloys 
brazing 
welding 
shielded arc 
forming methods 
metal 
tolerance for stamping 
Magnetic brakes 
Magnetic particle clutches 
Mass inductance electrical analog 
Mastics, organic barrier 
Mechanisms 
adjusting belt tension 
special purpose 
Mercury gland clutch 
Metal finishes 
see Finishes 
Metallic bellows 
Metals 
and alloys, applications of 
attaching glass to 
cold extrusion of 
composite 
corrosion-protection of 
known types 
paper-thin 
powdered 
preparation for porcelain 
enameling 
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metal 

paper-thin 

plating solutions 
Nickel plate, effect of surface shape 

on distribution 5 
Nimonic 

thermal conductivity 

welded by shielded arc 
Nitrile rubber 
N-mesh connection, gear train 
Nodular cast iron 
Nomogram, Belleville spring design 5 
Numbering systems for computers 5 
Numbering systems 

nemonic 

serial 

universal decimal 
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Organic barriers 
manufacturers 
types 
trade names 

O-rings 

Overload relays for motor 
protection 

Overload relief clutch 
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Paper-thin metals 

Patent law 

Pawl and ratchet clutch 5 E 25, 
Performance of torque converters 
Phenolic plastics 

Phenolic drying oil plastics 


rubber belts 
Timing belts 
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Radioisotopes 
application of 
Radius of gyration 
Radon, radioisotopic 
Rare metals, composite 
Ratchets, sheet metal 
Rectification 
transformation 
Rectifier 
circuits 
selenium 
Refractaloy 26, thermal 
conductivity 
Regulators, temperature 
Relays, overload for motor 
protection 
bimetallic thermal 
magnetic 5 H 5, 
melting alloy type 
Resistance welding 
Ring grooves, axial thrust 
bearings 
Rivets 
joint design 
small 
solid, American Standard 
Roller and cone drive 
Roller and disk drive 
Roller bearings, load and life chart 
Rotating amplifiers 
Round bar slides for machines 
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Rubber 
ASTM specification. system 
belts 
butyl 
cellular 
chlorinated 
natural 
neoprene 
nitrile 
parts design 
thiokol 
to-metal joints 
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Safety control, two-hand air 
Safety circuits 
electric 
hydraulic machines 
Screw thread system unified 
Screw-type latches 
Sealing heads of vessels 
Seals, lubrication design of 
Separation factor in hydrodynamic 
design 
Selecting locknuts 
Selenium rectifiers 
Self lubricating bearings 
Serial numbering system 
Servo design, hydraulic 
Servo motor controllers 
Shaft mounted speed reducers 
Shafts 
end supported, critical speeds 
hollow-steel, strength-weight 
ratios 
Sheet and strip tolerance 
Sheet iron for porcelain enameling 
Sheet metal parts 
Shell molding 
stainless steel 
Silicone 
alkyd resins 
finishes, colored 
plastics 
Silver, thermal conductivity 
Simplified drafting 
Simulators 
Sleeve bearing failures 
Sliding key clutch 
Solid die forming of magnesium 
Special purpose mechanisms 
Speed governors 
electric 
hydraulic 
isochronous 
mechanical 
Speed reducers, shaft mount 
Spinning vs drawing 
Spinning magnesium sheet 
Spiral gears 
Sponge rubber 
Spot welding 
Springs 
Belleville 
compression 
dynamics of motion 
helical 
metal 
rectangular wire 
Sprockets, sheet metal 
Squirrel cage motors 
Stainless steel 
shell molded 
thermal conductivity 
welded by shielded arc 
Stampings, design of 
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Standards 
American 
plain washers 
small solid rivets 
electrical 
J.LC. hydraulic 
NEMA motors 
Starting service factors for 
common motors 
Static tests of flush-riveted joints 
Steel 
alloys 
brazing 
powder 
welding 
aluminum-clad 
castings 
cold extrusion of 
430, use and fabrication 
metal 
powdered 
properties of 
annealed 
quenched 
sheet and strip tolerance 
stainless-clad 
302 
Strength of end welded studs 
Strength-weight ratios of hollow 
steel shafts 
Strip heaters 
Stud welding 
Styrenated alkyd resins 
Styrene-butadiene plastics 
Sulphur, radioisotopic 
Surface roughness gaged with 
movable-anode tube 
Surface shape, effect on 
distribution of nickel plate 
Swaged housing, axial thrust 
bearings 
Sweat-cooled components 
Symbols 
electrical 
hydraulic 
Synchro 
measuring devices 
systems 
Synthetic finishes 
see also 
Systems, numbering 
nemonic 
serial 
universal 


finishes 


decimal 
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Tachometer, capacitor commutator 
Tantalytic capacitors 
Teflon plastic 
Temperature regulators 
Temperatures for forming 
magnesium alloys 
Tensile strength and hardness of 
carbon steels 
Tension devices for belt drives 
Thermal conductivity 
aluminum 
brass 
steel 
Thermoplastic resins 
Thermostat metal 
Timing belts 
Tin 
metal 
powdered 
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Titanium, welded by shielded arc 5 D 11 
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Tolerance 

cellular rubber products 

conversion chart 

die castings 

specifications 
Torque 

converters, selecting an engine 

to match 

motors, as control devices 
Torsional vibration analog 
Transducers 

displacement measuring 

position, electromechanical 
Transformer, differential 
Transistors 
Tubes for inspection and control 
Twist-locking part design 
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Unified screw thread system 
Universal motors 
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Vacuum tubes, diode and triode 
Vacuum system design 
Valves 
and seals, design of 
gradual closure 
rapid closure 
Vanadium metal 
Variable speed drives 
friction 
mechanical and electrical 
Vibration 
eccentric centers of gravity 
glass fiber cushioning, damping 
characteristics 
torsional 
turbine blades 
Vinyl 
plastics 
resins 
Vinylidene chloride plastics 
Voltage 


amplifiers i I 10, 


analysis methods 


Washers, American Standard 
Wave ring gaskets 
Ways to attach die cast parts 
Welded joints, aluminum fatigue 
strength of 
Welding 
arc, shielded tungsten 
cold, aluminum 
430 stainless steel 
resistance 
stud 
Worms, sheet metal 
Wound rotor motor 
Wrapped spring clutch 
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Zinc alloys 
welding 
Zirconium 
alloys 
machining 
working of 
temperature effect on 
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INDEX OF PRODUCTS ADVERTISED 


This index is designed to facilitate your ready reference 
to all advertising in this issue for a specific type of mate- 
rial, component, part, or finish in which you are particu- 
larly interested. Most advertising for a specific product will 
be found in its appropriate HANDBOOK section . . 


Accelerometers 


A29, 161 


J38-39, J73 
B58 


Accumulators 
Acoustical Sheet 
Actuators 
Electrical 180, J56 
Hydraulic J38-39, J56, J70, J73, J85 
Mechanical E51, E56, E83 
Pneumatic J70, J73, J77, J82 
Adapters 
Flexible E62 
C57, E19-26 
Air Motors (see Motors, Air) 


B55, B62, D47 
H46, 156, 162, 183, 187, J56 


Shaft 
Adhesives 


Aluminum Alloys 
Amplifiers 
Assemblies 
Electrical 138-39, 145, 147, 162, 171, 
174, 180, 186, 194 

Hydraulic J31, J38-39, J60, J68, J71 
Pneumatic J82 
Structural . . B40, B58, D30, D37-40, 
D41, D69 

E52-53 

E19-26, E52-53, F71 


Axle Housings 
Axles 


D70 
D35, F72, J31 
F54, F70, F72, F76 


Balancing Machines 
Ball Joints 
Balls 
Bars 
Metal B38-39, B44-45, B57, E19-26 
F80 
B62, C62, F72, F76 


Bearing Covers 

Bearing Materials 
Bearings 

Ball 21, E34-35, F54, F59, F60, F66, 
F67, F68, F73, F76, F78 
F56 
F54, F59, F67, F73, F7Á 
C62, D57, F72, F74 
21, E34-35, F53. F60, F73 
B62, D37-40, E34-35, F72 
C66, F52, F55, F62 
E49, E68-69 
E19-26, E49 
E67 
182 
B42, 145, 194 
H38, 192, J60, J87 
G38-39, G54, G57, G60 
G61, G62 
B50, C45, C59 
738-39, 155, ]73 


Jewel 
Miniature 
Oil-less 
Roller 
Sleeve 
Bellows 
Belts 
Belts, Timing 
Belts, V 
Beryllium Alloys 
Bi-Metal 
Blowers 
Bolts 36, 


Books 


Boosters 


12 


. but 


Brakes 
Electric 
Hydraulic 
Mechanical 
Pneumatic 


32, E64, E85 
E52-53 

E72, E78 
E52-53, E72 
B51, B55 


Brass 
Brazing 
Alloys 


Bronze 


B42, G49 

B51, B55, B59, B62, D74 
138-39 

138-39, 145, 1102 
145 

B62, C48, D37-40, F66, F74 
138-39 
198, 1100 
F76 


Brushes, Electrical 
Brush Holders 
Brushes 
Bushings 


Bushings, Strain Relief 
Buttonwood Pith 


D30, 1100 

30-31, 134-35, 174, 190, 194 
D37-40, G34-35, 
G42-43, G55 

34, F75, H46 
152, 179, 180 

B53 

. .H64 

F78, G54 

24, B62, D36, D44-45, D48, 
D50, D58, D60, D61, D71 

D58, D60 
Castings, Precision Investment D41 
D62, D73, D74 

C42-43, C61, 152 


Cabinets 
Cable 
Cam Fasteners 


Cams 
Capacitors 
Carbide Alloys 
Carburetors 
Casters 


Castings 


Castings, Centrifugal . 


Ceramics 
Chains 

Conveyor E34-35, E80 

Roller E19-26, E34-35, E74, E78, E86 

Silent E19-26, E34-35 

C36, C49, C50 

C36, C59, C63 

B58 

140-41, 166, 179 

Circuit Breakers 1102 

Clad Metals B42, B60 

Clamps D52, G46, G47, 1104, J36-37 

D52, D66, D68 

G56, J54, J65 

C36 

C66, G46, 1104, 1106 


Chemical Treatments 
Chemicals 

Chimneys, Oil-Burner 
Chokes 


Clamps, Fixture 
Clamps, Hose 
Cleaners, Metal 
Clips 


not all, due to the fact some advertisements describe a 
number of different products offered by the same manu- 
facturer. You will find most of this multiple-product 
advertising between pages 19 and 38. 


Clips, Electrical G34-35, 165, 179, 198, 
1104, 1106 
Closures F64, 167, 175 


Clutches 
Electrical E64, E85, I61 
Hydraulic E54 
Indexing & Feeding E19-26, E63, 
E65, E78, E79 
Mechanical E19-26, E34-35, E54, E63, 
E65, E77, E79, E86 
E54, E65, E72 
C35, C36, C49, 143 
Coils 162, 179, 196, 1105 
Cold Headed Parts . _G38-39, G53, G57 
Collector Rings B42, 138-39, 145, 147, 
171, 1106 
Commutators 138-39, 147, 161, 171, 1106 
J30, J45, J87 
H46, 156, 180, 183 


Pneumatic 
Coatings 


Compressors 
Computers 
Connectors 
Electrical H60, 153, 154, 165, 170, 
174, 178, 191, 194, 198, 1104 
Hose J65, J71, J77 
Tube J86 
Contactors H63, 169, 176, 198 
Contacts & Contact Materials B42, B60 
F69, 138-39, 145, 194 
140-41, 156, 169, 186, 
191, 1105 
Control Motors H35, H43, H46, H54, 
H66, J56 
& Switchboards E72, 
H33, H63 


Controllers 


Control Panels 


Controls 
Electrical H33, H46, H58, H62, H63, 
H64, 140-41, 156, 169, 183, 186, 
188 
Electronic H33, H46, H58, H64, 156, 
180, 183, 1105, J56 
Hydraulic . H46, J38-39, J43, J44, 
Já7, J51, J55, J56, J60, J68, J69, 
J70, J81, J85 
F70, F72, F75, F79, 
H46, 183 
Pneumatic J34-35, J47, J55, J69, J70, 
J77, J82, J8 
.H60, H64 
E34-35 
Conveyors E34-35 
Copper & Copper Alloys B51, B59, 182 
134-35, 174, 194, 198 


Mechanical 


Converters 


Conveyor Belts 


C rds 
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Cores 149 
E39, F50-51 
H58, 180, 1105 


(See Connectors, Electrical ) 


Cork Compositions 
Counters 
Couplings 
Couplings 
Electrical E64 
Hose J65, J71, J77 
Hydraulic E34-35, E42, E44, E54, E66 
Mechanical E19-26, E33, E34-35, 
E36-37, E46, E76, E78, E79, E84, 
161 
J65, J71, J76, J86 


B51, 182 


Tube 
Cupro-Nickel Alloys 
Cylinders 

Hydraulic E34-35, E42, EÁ4, E54, E66 

J36-37, J38-39, J43, J47, J52, J54, 
J55, J56, J64, J67, J68, J69, J73. 
J82, J85 


Perforated B58 
Pneumatic D66, J34-35, J47, J52 
J54, J55, J64, J67, J69, J73, J77, 
J82 


F77 
B40, 175 
F76 
22, D26-27, D34, D55, 
D56, D61, D64, D72 
D37-40 
Differentials E75, H46, 161, 183 
Diodes 30-31, 150 
Discs, Clutch & Brake 32, E65 
Drafting 
Instruments 
Machines 
Supplies 


Decalcomanias 
Deep Drawing 
Dials 

Die Castings 


Dies 


Drives 
Adjustable Speed E34-35, E42, E64, 
E66, H39, H54, H57, H66, 156 
Hydraulic . .E34-35, E42, E44, E54, 
E66, J79 
E46, E82, H52-53 
Shaft-Mounted E33 
Timing E34-35, E49 
Variable Speed E19-26, E28, E34-35, 
E48, E58, E59, E64, E68-69, E76, 
H46, 156, 183, ]38-39, 179 


E64 


Right-Angle 


Dynamometers 


Electrical & Electronic Components, Cus- 
tom Made (see also Production Serv- 
ices) 30-31, 36, H30-31, H46, 134- 
35, 138-39, 145, 152, 156, 162, 164, 
171, 175, 179, 180, 183, 191, 192, 195, 

196, Ј60 

186 
180 


Electrodes 


Electronic Tubes 


Product Engineering — Mid-October, 


Engine Components ( Piston Rings, etc.) 
J86, J87 

Engineering Services (see also Produc- 
tion Services) 22, 30-31, 34, 35, 36, 
A32, B51, D30, D37-40, D59, 
D60, F75, F76 
H29, H34, H40-41, 
H48-49, H50, H56 
B32 

F58 


Engines H26-27, 


Expanded Metals 
Expansion Joints 
Extrusions 
Metallic B34-35, B51, D47, D59, 
E19-26 
Non-Metallic C48, C51, C58, C60, 


C62, C66, D37-40, D53 


Fabricated Plastics (See Plastics, Fabri- 
cated ) 

Fabricated Steel (See Structural Forms 
& Shapes, see Weldments ) 

Fabrics 


Fabrics, Coated 


143 

C53, C64 
E65, F74 
Fastening Methods 33, 36, 37, D37-40, 
G30-31, G34-35, G36-37, G45, G46, 
G52, G54, G55, G60, G62, 1104 


Felt 20 
Fibre C30-31, 143 
Fibre Glass 37-40, 143 
Fibre Glass Ducting C50 
Filters 

Air D57, J77, J82, J88 

Hydraulic D57, J38-39, J48, J80, J88 
Finishing 

Protective 


Facings, Clutch 


C49 
Fittings, Hose-Pipe & Tube J59, J64, 
J65, J71, J86 

Flexible Couplings E19-26, E33, E34-35, 
E36-37, E60, E76, E79, E80, E84, 
F57, G47 
E19-26, E62 
J88 

J88 

J77 

J38-39, J42, J77 
B55, B57, D29, D47 


Flexible Shafts 
Float Operated Switches 
Float Operated Valves 
Flow Measurement 
Flow Regulators 
Forgings 
Forming 
Lubricants C3 
E39 
A25-28, 
A34 
194 
F80, J77, 
J88 


187 


Friction Materials 


Furniture, Engineering Dept. 


Fuses 


Gages, Pressure or Vacuum 


Galvanometers 


1955 


Gaskets F50-51, F58, F68, F78, 1106, 
J62, J80 
Gear Motors (see also Motor Reducers ) 
E29-32, E33, E34-35, E46, E50, E71, 
H35, H42, H43, H51, H53, H57, 
H59, H60, H66, J60 
Gears E18, E19-26, E27, E29-32, E33, 
E34-35, E43, E46, E47, E50, E52-53, 
E55, E56, E57, E71, E73, E75, E81, 
E82, E84, E86, G34-35, 161, 183 
Generators 
A-C 
D-C 
High Frequency 
Gold Alloys 
Governors 
Graphic Charts 
Grilles 
Grommets 


H54, H60, H64 
H54, H60 


H60 

34, B60 

H54 

A24, A31 
B58 

C48, G34-35 
161 


Gyroscopes 


Handles & Knobs 34, C58, F68, F70, 
F76, G54, 188, 1100 
D67 

176, 195, 196 

153, 167, 186, 1103 
B53, B57, 
E19-26, 182 
Hinges G54 
Hose & Tubing D63, J58, J65, J71, J77 


Hard Surfacing 
Heating Units 

Hermetic Seals 
High Temperature Alloys 


Instruments 
Electrical H46, 164, 180, 183, 
Hydraulic 
Mechanical 


184-85 
H46 
F80, H46, 183 
Insulating Varnish 143, 148 
E19-26, 143, 148, 189, 190 
C61, F66, 143, 167 


Insulation 


Insulators 
Jewels F56, F66 
G57 


Knurling 


165, 199 
B60, 145 


Lamps 
Laminated Metals 
Laminated Plastics 
(See Plastics, Laminated ) 
G42-43, G54, G55 
19, J62 
183 
186, 188 
37, G4 
B58 


Latches 
Leather 
Links 
Liquid Level Controls 
Locks 


Louvers 


5-28, 


Lubricators, Air-Line 


J77, 


J88 


E 
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Machined Parts D37-40, D57, D74, F76 
B40, B62 
149, 192 
149, 162, 192 
134-35, 162 
F77, 1102 
B62 

D29, D30, D69 
B36 

164, 184-85 
C42-43 


Magnesium Alloys 
Magnetic Materials 
Magnets 
Magnet Wire 
Markers, Wire & Insulation 
Metal Bonded to Wood 
Metal Forming 
Metal Powder 
Meters, Electrical 
Mica, Glass Bonded 
Moldings 
Glass (see Glass Parts) 
Plastics (see Plastic Parts ) 
Powdered Metal (see Powdered Metal 
Parts ) 
Rubber (see Rubber Parts ) 
Motor Reducers (see also Gear Motors ) 
E29-32, E33, E34-35, E46, E50, H36- 
37, H66 
H33, 168 


Motor Starters 


Motors, A-C 

Fractional E19-26, H32, H35, H36 
37, H39, H44-45, H46, H47, H52- 
53, H54, H57, H59, H60, H61, 

H66 
Integral H32, H39, 
H51, H52-53, H55, H57, H60 
Sub-Fractional H30-31, H38, H42, 
H54, H59 
Motors, Air H62, H66, J44, J74, J82 
Motors, D-( 
Fractional E19-26, H32, H35, H36- 
37, H39, HÁ4-45, H47, H54, H57, 
H59, H60, H61, H62, H66, J60 
H32, H39, H44-45, H47, 
H51, H55, H57, H60, J60 
H30-31, H38, H54, 

H59, J56, J60 


Integral 
Sub-Fractional 


Motors, High Frequency 
Fractional 
Integral 
Sub- Fractional 


H59, J60 

J60 

H30-31, H38, H59, 
J60 

Motors, Hydraulic E48, J32-33, J38-39, 
143, J49, J51, J56, J60, 172, 179, J85 
F57 


Mountings 


Name Plates 
Nickel Alloys B60, 182 


Nuts . . 36, G34-35, G38-39, G45, G46, 
G50, G53, G54, G60, G62, G63, G64 


F77 


180, 186 


Overload Relays 
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H44-45, H47, 


Packings F58, J61, J62, J66, J78, J80, 

J84, J86 

Paints C36, G47, 143 

Palladium Alloys 34 

B58 

C32, C39, C55-56, 143 

C39, 143, 148 

A34 

B58, B60, D56 

Photoelectric Cells 150 

Photographic Equipment r 
Film 
Paper 


Panels 

Paper 

Paper Insulation 
Pencils 


Perforated Metals 


A24 
A24, 191 
Pillow Blocks 21, E34-35, F60, F74 
Pilot Lights 165, 195, 199 


Pinions E29-32, E33, E34-35, E50, E75, 
183 


G44, G57, G60, G62 
B38-39, D47 

J59 

Plastic Film C40-41, C45, 143, 148 
Plastic Parts 34, A32, C44, C46, C58, 
C60, C63, D37-40, 143 

F76, 143, I100 

Plastics C44, C45, C46, C54, C58, C59, 
C60, C63, D47-40, 143 

Plastics Fabricated 34, A32, CÁ4, C50, 
C58, C59, C60, C62, C65, C66, D37- 
40, D53, I43 
C30-31, C54, C65, 
D37-40, 143 
Plates B38-39, B44-45, B51, B57 
Plates, Clutch E65 
Platinum Alloys 34 
174, 191, 194, 1106 
140-41, 177, 180, 183, 
184-85, 196, 1108 
D57 


Pins 
Pipe 


Piping 


Plastics Laminated 


Plugs 


Potentiometers 


Powdered Metal Parts 


Power Packs 
Electrical & H29, H64, 
156, J60 
Hydraulic J36-37, J38-39, J64, J67 

Power Take-offs E19-26, E52-53, E54, 

E56, E82 
34, B42, B60 
J38-39, J44, J77 


Production Machines & Processes 22, 34 


Electronic 


Precious Metal Alloys 


Pressure Switches 


Production Services (see also Engineer- 
ing Services ) A32, D30, D37-40, 
D65, D67, D69, D70, F75, F76 


E50, 1102 
Pulley Clutches E65, E78 
E34-35, E68-69, E76, E86 


Protective Devices, Motor 


Pulleys 


Pumps 
Air J30, J45, J60, J74, J87, J88 
Liquid E19-26, E48, J30, J32-33, J36- 
37, J38-39, Já3, J49, J50, J56, 
J57, J59, J60, J64, J68, J79, J82, 
J84, J88 
Rotary F80, J30, J50, J72, J74, J79, 
J83, J87 
J30, Já5, J60, J74, J87 
D46 


Vacuum 
Punches & Dies 


E57, E84 
J36-37 

E79 

156, 166 

183, 187, 191 
146, 150, 1107 


Racks 
Rams 
Ratchets 
Reactors, Electrical 
Recorders 
Rectifiers 
Regulators 
Electric 156, 180, 197 
Hydraulic J38-39, J44, J56, J85 
Pneumatic J77, J82, J88 
Relays H30-31, H62, H63, 136-37, 142, 
157-60, 164, 168, 169, 170, 180, 186, 
198, 199 
C63 
Reproduction Equipment A24, A25-28 
Reproduction Supplies A24, A25-28 
Resins C45, C63, E19-26, 143 
Resistors 140-41, 151, 152, 168, 176, 180, 
188, 196, 1108 
Н43, Н46, 161, 180 
G34-35, G40, J86 
J31, J53, J77, J86 
140-41, 168 
B58 
Rings & Loops B57, D29 
G30-31, G32-33, G41, G57 
F60, F72 


Release Agents 


Resolvers 
Retaining Rings 
Revolving Joints 
R heostats 


Rigidized Perforated Metal 


Rivets 

Rod Ends 

Rods 
Metallic 
Non-Metallic 


B51, D47, 182 

C54, C60, C62, 143 
Rolls F70 
Rotating Couplings J53, J77, J86 
Rubber 19, 23, C28-29, C48, C54, C57, 
C58, D37-40, F50-51 
Rubber-Bonded-to-Metal .D37-40, J62 
Rubber Coated Parts D37-40, D72 
Rubber Parts CÁ8, C51, C52, C58, C60, 
C66, D37-40, J62 


Rust Proofing C36 


Screens B58 
Screw Fasteners G30-31, G34-35, G36- 
37, G42-43, G53, G54, G55, G57, 
G60, 1104 
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Screw Machine Parts . . D35, D47, G57 
Screws 36, G34-35, G36-37, G38-39, 
G50, G51, G54, G57, G59, G60, 
G61, G62, G64 

Screw Thread Inserts 33, 37, G54, G57, 
G58, G62 

Sealants C57 
Sealers C57 
Seals 19, 35, D37-40, E72, F58, F68, 
F74, H46, J61, J62, J63, J66, J78, 
J80. J84, J6 

Seating Work Equipment 36 
Servo Controls H46, J38-39 
Servomechanism Components H43, H46, 
161, 183, J56 

Shapes & Shells Deep Drawn B40, D30, 
D69, 175 
D30 
E58, E76 


Shapes, Rolled Formed 

Sheaves 
Sheets 

Мега! 34, В38-39, В44-45, В51, В54, 

B57, D41, 145 

C33, C34, C45, C50, C59, 

C60, D37-40, 143 

Rubber C48, D37-40 


Shims 1106 
Silicone Rubber C28-29, C48, C50-51, 

D37-40, 143 
Silicones C42-43, C50-51 
Silver Alloys 34, B60 
Sleeves & Tubing, Electrical 143, 145, 

148, 190, 198 
Slides F66, F68 
Slip Rings (See Collector Rings) 
Sockets, Tube 


Solenoid Brakes 


Plastic 


F69 
172 
Solenoids H62, H63, 153, 169, 172, 180, 
I81, 186, 196 

B58 
1106 
B40 
Specialty Fasteners (Pipe Hangers, Spe- 
cial Cold Headed Parts, etc.) 37, G34- 
35, G38-39, G51, G52, G55, G57, 
G60, G61 

Speed Reducers E19-26, E29-32, E33, 
E34-35, E40-41, E42, E46, E50, E66, 
E82, E84, 183 
F66 

Splines E56, E57, E70, E75, F63 
Springs E19-26, F61, F69, F77 
Sprockets E19-26, E34-35, ESO, E74, 
E78, E84, E86 

B40, D30, D37-40, D68, 
D72, E18, E19-26, 175, 1106 


Sound Baffles 


Spacers 


F66, G57, 


Specialty Metals 


Spindles 


Stam pings 


Product Engineering — Mid-October, 


Steel 
Alloy B43, B44-45, B47, B50, B53, 
B61, E19-26 
B44-45, B47, E19-26 
Coated B42, B44-45, E19-26 
Electrical B41, B53 
Stainless B38-39, B44-45, B48, B53, 
B54, B57, E19-26, 182 
B45 
B53 


F76, J50, J77, J88 
Strip, Plastic C60, C62, 148 
Strip, Metallic 34, B30-31, B38-39, B44- 
45, B47, B56, 182 


Structural Forms & Shapes B62, D29, 
D41, D47, E19-26 


B40, D30 


Carbon 


Textured 


Tool 


Strainers 


Subcontracting Services 
Swaged Parts G57 
Swing Joints J31, J53 
Switches H62, H63, 140-41, 142, 145, 
152, 169, 176, 188, 193, 194, 198, 
1101 


J31, J53 
H43, H46, H54 


Swivel Joints 


Synchros 


Tapes C60, 143, 148 


Tapes, Insulating (see also Insulation ) 
143, 148 
162 
Templates A34 
Terminals & Terminal Boards G34-35, 
G53, H60, 154, 167, 179, 186, 191, 
194, 198, 1103, 1108 


Testing Machines & Equipment A32, 183 
I90 
Thermostats 163, 176 
Thread Rolling G57 
Timers H30-31, H58, 144, 163, 164, 180 
Timing Motors H28, H30-31, H58, 155 
Tin B33 
Titanium B40, B49 
Tools D66, E19-26, G34-35 
Torque Converters E19-26, E52-53, E54, 
E82, H26-27, 183 

Tracing Cloth A25-28, A30, A31, A33 
A25-28, A31 

I108 

162, 166, 196, 1105 
1108 
wae 180 
Transmissions Е19-26, Е27, Е29-32, 
E48, E52-53, E56, E68-69, E71, E82 
Tube Fabricating D49, D63 


Telephones 


Thermocouples 


Tracing Paper 
Transducers 
Transformers 
Transistor Curve Tracer 
Transistors 


1955 


Tubing 
Lock-Seam B51 
Plastic . . C60, C62, D37-40, 143, 148 
Rubber C58, D37-40 
Seamless B38-39, B51, B60, D47, 
E19-26, J59 
Welded B38-39, BÁ6, B51, D63, J59 


Tungsten Carbide B53 


Universal Joints E19-26, E38, E61, E76, 
E84 


Valves 
Air H63, J30, J34-35, J40-41, J44, 
J46, Já7, J54, J55, J64, J67, J70, 
J75, J77, J82 
Control H63, J32-33, J40-41, J42, 
J44, J46, J47, J50, J51, J54, J55, 
J64, J67, J70, J75, J82, J84 
Hydraulic 29, E19-26, H63, J36-37, 
J38-39, J40-41, J43, J44, J46, J47, 
J51, J54, J55, J56, J59, J60, J67, 
J68, J70, J75, J84, J85 
Liquid Flow C58 
Motorized J51, J55, J67 
Solenoid H63, J40-41, J42, J44, J46, 
]55, J67, J70, J75 
Varnish 143, 148 
Vibration Mountings D37-40, F57, F68 


Vibratory Equipment A29 


Washers 36, G34-35, G53, 1106, J62, 
J80 

Washers (see Packings) 
Wear Plates 
Welding 

Equipment 

Nuts 

Supplies 


F66 


32, D51, D54 

G48, G50 

D31, D32 

D28, D33, D65, D70 
Wheels F68, F71, F72, F78 
Wire 34, B38-39, B60, 182 
Wire & Cable 30-31, 36, 134-35, 174, 
182, 190, 194, 1104 
F76 

G57 

Wire Rope F65 
Wiring Devices 134-35, 194 
Wiring Harnesses 134-35, 162, 174, 190, 
1104 
C54, 143 


Weldments 


Wire Cloth 
Wire Forming 


Wood 


Zinc Coated Sheets B30-31 
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ALPHABETICAL INDEX TO ADVERTISERS 


i. 
A-P Controls Corp. 

Abart Gear & Machine Co. 
Abbott Ball Co. 

Accurate Spring Mfg. Co. 
Ace Products Co. 

Acme Chain Corp. 
Acushnet Process Co. 
Adams & Westlake Co. 


Advance Tool & Die Casting Co. 


Aeroquip Corp. 


Aero Research Instrument Co., Inc. 


Airmatic Valve, Inc. 

Ajax Flexible Coupling Co. 

Alcaloy, Inc., Associated with 
Dickey Industries 

Alden Products Co. 

Allegheny Ludlum Steel Corp. 

Allen-Bradley Co. 

Allied Products Corp. Richard 
Bros. Punch Div. 

Allied Research Products Inc. 

Allied Wheel Products, Inc 

Allis Co., Louis 

Alloy Metal Wire Div., H. K. 
Porter Co., Inc. 

Alvin & Co. 

American Blower Corp. 

American Chain & Cable Co., 
Inc. 

American Insulator Corp. 


American Manganese Steel Div. 


American Brake Shoe Co. 


American Non-Gran Bronze Co. 
American Relay & Controls, Inc. 


American Smelting & Refining 


Co. Continuous Cast Products 


Dept. 

American Steel & Wire Div., 
U.S. Steel Corp. 
Amos Molded Plastics 
Amplex Div. Chrysler Corp. 
Anchor Plastics Co., Inc. 

Arens Controls, Inc. 
Arkwright Finishing Co. 
Armstrong Cork Co. 
Arnold Engineering Co. 
Arrow Tools, Inc. 


E39, 


Atlantic Casting & Engineering 


Co. 
Atlas Screw & Specialty Co. 
Atomic Instrument Co. 
Auburn Button Works, Inc. 
Austenal Laboratories Inc. 
Microcast Div. 
Automatic Electric Sales Co. 
Automatic Steel Products, Inc. 
Automatic Switch Co. 
Automotive Rubber Company 


E42, 


B38-39, 


J42 
E82 
F70 
F61 
J86 
E74 
C52 


1 57-60 


D72 
J65 
36 
J46 


E36-37 


D71 
191 
.. B53 
H33 


D46 


B50 
D43 
D57 
C66 
F70 
A30 


F50-51 


I 49 
J88 


D50 


G64 
I 105 


C46 


D62 
142 
Е77 


H63, 169, ]75 


Inc. C66, D72, F68 


Avon Tube Div. Higbie Mfg. Co. 


B/W Controller Corp 
Babcock & Wilcox Co. 
Products Div. 
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Tubular 


D63 


Bakelite Co., Div. of Union 

Carbide & Carbon Corp. . 
Balcrank, Inc. | 
Baldwin Lima Hamilton Corp. 

Std. Steel Works Div. D29 
Barber-Colman Co. H42 
Barco Mfg. Co. J31 
Baush Machine Tool Co. E47 
Bearing Appliance Co. F80 
Bearium Metals Corp. B62 
Beaver Precision Pdts. Inc. E83 
Bird Co., Inc., Richard H. F56 
Blackhawk Mfg. Co. J36-37 
Blackmer Pump Co. J50 
Blood Brothers Machine Div. 

Rockwell Spring & Axle Co. 
Bodine Electric Co. 

Bond Co., Charles 
Bonnot Co. 

Boots Aircraft Nut Corp. 
Borg & Beck Div., Borg-Warner 

Corp. ; E21 
Borg Corporation, George W. 

(Borg Equipment Div.) 
Borg Warner Corp. 

Boston Gear Works 

Bourns Laboratories 

Bradley Laboratories, Inc. 
Bridgeport Thermostat Div., 

Robertshaw-Fulton Control Co. F62 
Brooks & Perkins Inc. B40 
Bruning Co. Inc., Charles A25-28 
Buchanan Electrical Products 

Corp. 

Byrd Plastics, Inc. 


سس )سے 


C33, C45 
F68 


E38 
H36-37 
E84 
J85 
G58 


177 
E-19-26 
E46 
1108 

1 46 


1108 
A32 


A29 
I 79 
G55 
153 
J80 
B57 
BÁ8 
J54 
1 52 
H57 
G61 
189 
.C50 
C35 


Calidyne Co. 

Cambridge Thermionic Corp. 

Camloc Fastener Corp. 

Cannon Electric Co. 

Capital Engineering & Mfg. Corp. 

Carlson, Inc., G. O. 

Carpenter Steel Co. 

Carter Controls, Inc. 

Centralab Div., Globe-Union, Inc. 

Century Electric Co. 

Chandler Pdts. Corp. 

Chase & Sons, Inc. 

Chemical Corp., The 

Chemical Products Corp. 

Chicago Molded Products Corp., 
Campco Div. C34 

Chicago Rawhide Mfg. Co. 19 

Chicago Screw Co. G62 

Chicago Telephone Supply Co. I 51 

Chiksan Co. J53 

Chrysler Corp., Industrial 
Engine Div. 

Cincinnati Industries, Inc. 

Clark Equipment Co. 

Clearprint Paper Co. 

Cleveland Cap Screw Co. 

Cleveland Welding Company 
American Mach. & Foundry Co. D28 

Clifford Manufacturing Co. 
Div. Stan- Thomson Corp 


H26-27 

. .C55-56 
E52-53 
A31 
G51 


F55 


Columbia-Geneva Steel Div., 

U.S. Steel Corp. . .B38-39. B50, B61 
Commercial Shearing & Stamping 

Co. ; J43 
Cone Drive Gears Div., Michigan 

Tool Company 
Continental Rubber Works C48 
Control Products Inc. I 93 
Cooper & Son, Inc.; Jos. B. 34 
Counter & Control Corp. I 91 
Crimpweld Corp. I 98 
Crofoot Gear Corp., Charles E73 
Cullman Wheel Co. E78 


E43 


— 
Dale Products, Inc. 
Dano Electric Co. 
Daystrom Instrument Div., 
Daystrom Inc. 
De Jur Amsco Corp., Electronic 
Sales Div. 1 54, 184, 185 
DeLaval Steam Turbine Co. E27 
Denison Engineering Co., Subs. 
American Brake Shoe Co. ]51 
Detroit Coil Co. I 81 
Detroit Stamping Co. D52 
Dialight Corp. I 99 
Diamond Mfg. Co. B58 
Diefendorf Gear Corp. E82 
Dimco-Gray Co. F76 
Dings Brakes, Inc. 32 
Dixon Corp. C62 
Dodge Mfg. Corp. Е44-45 
Doehler-Jarvis Div., National 
Lead Co. 
Doerr Electric Corp. H47 
Dormeyer Industries 196 
Double A Products Co. J44 
Drake Mfg. Co. 195 
Driver Company, Wilbur B. 1 82 
Driv-Lok Pin Co. G60 
Dudco Division, The New York 
Airbrake Co. J32-33 
DuPont de Nemours & Co., Inc., E. I. 
(Explosives Dept.) G32-33 
DuPont de Nemours & Co., Inc., 
E. I., Fabrics Div. 
DuPont de Nemours & Co., Inc., 
E. I., Film Dept. C40-41 
DuPont de Nemours & Co., Inc., 
E. I., Elastomers Div. C28-29 
DuPont de Nemours & Co., Inc., 
E. I., Pigments Dept. 
DuPont de Nemours & Co., Inc., 
Plastic C37-38 
Dykman Mfg. Corp. E80 
Dynamatic Div., Eaton Mfg. Co., . E64 


— 
Eagle Signal Corp. Industrial Div. . . H58 
Eastern Industries, Inc. ..ЈА9 
Eastman Mfg. Со. ... „Из 
Eaton Mfg. Co., Dynamatic Div. . . E64 
Ebert Electronics Corp. . I 98 
Edgemont Machine Co. E86 
Elastic Stop Nut Corp. of Amer. . . G45 
Elco Tool & Screw Corp. G60 


I 88 
I 105 


I 80 


D26-27 


C53 


BÁ9 
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Electrical Industries Div. 
Amperex Electronics Corp 
Electric Indicator Co., Inc. 
Electric Regulator Corp. 
Electric Wheel Co. 
Electro-Flex Heat, Inc. 
Electro Switch Corp. 
Electro Tec Corp. I 71 
Elliott Co. H52-53 
Engineered Precision Casting Co. 4 
Enjay Co., Inc. j 


167 
H54 
197 
F71 
195 
I 101 


— 
The Fairbanks Co. 
Fairchild Industries Div., Fairchild 
Camera & Instrument Corp. 
Fairfield Mfg. Co. 
Falk Corp. 
Fasteners Inc. 
Fawick Airflex Div. Fawick Corp. 
Federal Die Casting Co. 
Federal Telephone & Radio Co. . . 30-31 
Federal Tool & Mfg. Co. D68 
Filtors, Inc... * 199 
Fischer Special Mfg. Co. G63 
Flexonics Corp. F52, J58 
Foote Bros. Gear & Machine 
Corp. E29-32 
Ford Instrument Corp. Div Sperry 
Rand Corp 
Ford Motor Company 
Engines ) 
Formsprag Co. 
Frenchtown Porcelain Co 
Funk Aircraft Co. 
Fusite Corp. 


D56 


H46 

(Industrial 

H29 

E63 

C61 

E82 

I 86 

— 

Galland-Henning Mfg. Co. 
Nopak Div. 

Gamble Brothers 

Garlock Packing Co. 

Gast Mfg. Corp. 

Gear Grinding Machine Co., 
Joint Div. 

Gear Specialties, Inc. 

General American Transportation 
Corp. Plastics Div. 

General Electric Co., Construction 
Materials Div. 1 34-35 

General Magnesium Foundries B62 

General Magnetic Corp. 192 

General Mills, Inc., Mechanical 
Div. 

General Tire & Rubber Co. 
Industrial Pdts. Div. 

Gerbing Mfg. Corp. 

Gerotor May Corp. 

Gibson Electric Co. 

Gillen Co., John 

Gilman Inc., Russell T. 

Gleason Works 

Glidden Co.. The Industrial 
Finishes Div. 

Goodrich Co., B. F. Tire & 
Equipment Div. (Rivnut) 

Goshen Rubber Co., Inc. 

Graham Transmissions, Inc. 

Grant Pulley & Hardware Co. 

Graphite Metallizing 
Corp 


J55 
C54 
F58 
J45 


E61 
E57 


D53 


E81 


D37-40 
E76 
E48 
194 
G62 
F66 
E55 


C47 
J80 
E59 
F68 


F74, I 38-39 
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Graton & Knight Co 
Graver Tank & Mfg. Co., Inc. 
Gray & Prior Machine Co. 
Great Lakes Steel Corp., National 

Steel Corp. N-A-X Alloy Div. 
Greene, Tweed & Co. 
Grip-Nut Company 

— 


162 
D33 
E84 


B43 
J84 
G64 


Haloid Co. 

Handy & Harman 

Hanna Engineering Works 
Hannifin Corp. 

Harley Patents, Inc. 

Harrington & King Perforating 

Company 
Hartford Steel Ball Co. 

Harvey Aluminum Sales, Inc. 
Hassall Inc., John 

Haydon Co., Inc., A. W. 
Haydon Mfg. Co., Inc. 

Heim Co. F60 
Heinze Electric Co. H38 
Heli-Coil Corp. 33 
Hendrick Mfg. Co. D56 
Heyman Mfg. Co. I 100 
Hilliard Corp. E79 
Hoffman Engineering Corp. I 100 
Hollingsworth & Vose Co C39 
Holliston Mills, Inc. A33 
Holub industries 1104 
Howard Industries, Inc. H59 
Hudson Tool & Die Co 175 
Hunter Spring Co. F77 
Hyatt Bearings Div., 

General Motors Corp 
Hydraulic Accessories Co. 
Hydreco Division, The New York 

Airbrake Co. J32-33 


A24 
G49 
J47 
J34-35 
G60 


B60 
F76 
D47 
G57 
155 
H30-31 


F53 
J61 


B60 
F66 
I 44 
147 
F69 
143 
Ј62 
150 
D73 


Improved Seamless Wire Co. 
Industrial Sapphire Co. 
Industrial Timer Corp. 
Instrument Corp. of America 
Instrument Specialties Co., Inc. 
Insulation Mfgrs. Corp. 
International Packings Corp. 
International Rectifier Corp. 
Investment Casting Co. 
Irvington Varnish & Insulator Div. 
Minnesota Mining & Mfg. Co. . I 48 
— 
Jamesbury Corp. 
Johnson Corp. 
Johnson Engineering Co., Inc., 
Welton V. 
Johnson Rubber Co. 
Jones & Laughlin Steel Corp. 
— 
Kaupp & Sons, C. B. 
Keller Tool Div. Gardner Denver 
Co. H62, H66 
Keystone Bolt & Nut Corp. 36 
Kirk & Blum Mfg. Co., The D30 
Koiled Kords, Inc. 1104 
Kurz-Kasch, Inc., Standard Parts 
Div. 
Kraissl Co., Inc., The 
idis 


J84 
J86 


F76 
C58 
B34-35 


D69 


C58 
J88 
L & L Mfg. Co. J76 


1955 


Ladish Co., Tri-Clover Div 159 
Landis & Gyr Inc. F73 
Lansing Stamping Co. D72 
Lapeer Mfg Co. D66 
Lehigh Inc. Air Control Div. J82 
Leiman Brothers Inc. J74 
Leland Electric Co., Div. of 
American Machine & Foundry H32 
Lenz Co. J86 
Librascope Inc. I 83 
Lincoln Electric Co., The D32 
Lindberg Air & Hydraulic Div., 
Teer-Wickwire & Co. 
Linde Air Products Co. Div. of 
Union Carbide & Carbon Corp. C50- 
51, D31, D67 
D41 


E34-35 


152 


Lindsay Structure, In 

Link-Belt Co. 

Litemetal Dicast, Inc., Div 
Hayes Industries, Inc. 

Littleford Bros. 

Logansport Machine Co., Inc. 

Lord Mfg. Co. F 

Lovejoy Flexible Coupling Co E76 

LubriKup Co., Inc. J66 

Lundey Associates 1103 


034 
D70 
J64 


<7 


diio. 
McDonnell & Miller Inc. 
Magnetic Amplifiers, Inc 
Mahon Co., R. C. 
Makepeace Co., D. E 
Plate & Wire Co 
Malayan Tin Bureau 
Malleable Founders' Society 
Manheim Mfg. & Belting Co. 
Marathon Electric Mfg. Corp. 
Marion Electrical Instrument Co 
Marman Products Co., Inc 
Marsh Instrument Co 
Marvel Engineering Co 
Mechanical Products, Inc. 
Mechanics Universal Joint Div., 
Borg Warner Corp. E22 
Meehanite Metal Corp. D44-45 
Mercury Clutch Div., Automatic 
Steel Products, Inc. 
Merkle-Korff Gear Co 
Merrill Engineering Laboratories 
Met-L-Wood Corp. 
Metals & Controls Corp., General 
Plate Div. 
Metals Disintegrating Co., Inc., 
subs. Amer. Marietta Co. 
Michigan Tool Co. 
Michigan Wire Cloth Co. 
Midland Steel Products Co. 
Midwest Molding & Mfg. Co. 
Midwest Rubber Co. 
Miehle Dexter Supercharger Div. 
Dexter Folder Co. 
Miller Fluid Power Co. 
Milsco Mfg. Co. 
Miniature Precision Bearings, Inc. 
Minnesota Rubber & Gasket Co. 
Misco Precision Casting Co., Div 
Consolidated Foundries & Mfg. 
Corp. 
Monsanto Chemical Co., Plastics 
Division 


188 
156 
D65 
Div. Union 

1 45 
B33 
D48 
E67 
H60 
1 64 
С47 
ЕХО 
Ј48 
1102 


Е43, 





Morse Chain Co., Industrial Sales 

Div., Borg Warner Corp. 
Morton Bearing Co. 
Mosinee Paper Mills Co. 
Mueller Brass Co 
Mycalex Corp. of America 

— 
National Band & Tag Co. 
National Lock Co. 
National Steel Corp. 
National Tube Div., 

U.S. Steel Corp B38-39, B51 
National Vulcanized Fibre Co. . C30-31 
New Departure Div., General 

Motors Corp. 

New Hampshire Ball Bearings, 

Inc. F59 
New Products Corp. D61 
New York Air Brake Co. J32-33 
New York Belting & Packing Co. . . E49 
Nice Ball Bearing Co. F78 
Nippert Electric Products Co. I 106 
North Shore Nameplate, Inc. F77 
Nothelfer Winding Laboratories, 

Inc. 1 66 

— 
Ohio Nut & Bolt Co. 
Ohmite Mfg. Co. 
Oliver Iron & Steel Corp. 

(Berry Div.) J79 
Onan & Sons, Inc., D. W. H56 
O'Neil-Irwin Manufacturing Co. 22 
Ottemiller Co., Wm. H. G62 


— 


E23 
E78 
C32 
B55 
.C42- 43 


I 102 
G54 
B30-31, B43 


F54 


G50 
I 40-41 


G54 
F70 
A32 


Palnut Co. 

Paper Machinery & Research, Inc. 
Parameters, Inc. 

Parker-Kalon Div., General 

American Transportation Corp. 

G36-37 
Parker Rust Proof Co. C36 
Parker Stamp Works, Inc. F75 
Patton-MacGuyer Co. 194 
Pegasus Laboratories, Inc. J56 
Penn Metal Co., Inc. B32 
Pesco Products Co.. Borg Warner 

Corp. 

Philadelphia Gear Works, Inc. 
Phoenix Electric Mfg. Co. 

Pollak Corp., Joseph H62 
Polymer Corp. of Penna. C60 
Potter & Brumfield Mfg. Co., Inc. I 36-37 
Power Products Corp. H50 
Pratt & Whitney Aircraft Div., 

United Aircraft Corp. 38 
Precision Extrusions D59 
Precision Metalsmiths, Inc. D42 
Precision Rubber Pdts. Corp. J78 
Prestole Corp. G46 
Process Gear Co., Inc. E86 
Progressive Welder Sales Co. D54 
Protective Closures Co., Inc. F64 

PT 00 
Rae Motor Corp. 

Reeves Instrument Corp. A sub. 
Dynamatics Corp. of America 
Reeves Pulley Co., Div. Reliance 

Electric & Engineering Co. E68, E69 
Reo Motors, Inc. H40-41 
Revere Copper & Brass Inc. B51 
Richardson Co. C65 


J60 
E50 
I 102 


H66 


I 61 


Rivett Lathe & Grinder, Inc. J67 
Robbins & Myers Inc. . H55, H61, J57 
Rochester Products Div., 

General Motors Corp. 
Rockford Clutch Div. Borg- 

Warner Corp. 
Rockwood Sprinkler Co., ‘Ball 

Valve Div. 29 
Rodgers Hydraulic, Inc. .. J68 
Rogan Brothers о 
Rohm & Haas Co. (Plastic Div.) . C59 
Roll & File Systems, Inc. A34 
Rolle Mfg. Co. к» > 23236 
Roper Corp.. George D. F80, J72 
Rotary Seal Co. 
Rotron Mfg. Co., Inc. 
Royal Electric Co., Inc. 
Russell Burdsall & Ward Bolt & 

Nut Co. G38-39 
Ruthman Machinery Co. J82 
ا‎ 

S.K.F. Industries, Inc. 21 

Saginaw Steering Gear Div., 
General Motors Corp. 

Sanborn Co. 

Sandusky Foundry & Machine Co. 

Sandvik Steel Inc. B47 

Sarkes Tarzian, Inc., Rectifier Div. I 107 

Schrader’s Son A., Div., 
Scovill Mfg. Co., Inc. 

Sciaky Bros. Inc. 

Scintilla Div. Electrical Conn. 
Bendix Aviation Corp. 

Scott Testers, Inc. 

Scovill Mfg Co. 

Servospeed Div., 
Inc. 

Set Screw & Mfg. Co. 

Sewall Mfg. Co., E. B. 

Shakeproof Div., Illinois 
Tool Works 

Sharon Steel Corp. 

Shenango-Penn Mold Co. 
Centrifugal Castings Div. 

Sierra Engineering Co. 

Simmons Fastener Corp. 

Smith Corp., A. O., Motor Div. 

Somers Brass Co., Inc. 

Southco Div. South Chester 
Corp. 

Southwest Products Co. 

Sperry Products Inc. 

Stalwart Rubber Co. 

Standard Pressed Steel Co. 

Star Jack Co., Inc. 

Stearns Magnetic, Inc. 

Stevens Mfg. Co., Inc. 

Stewart Warner Corp., 
Div. 

Stokes Molded Products Div. of 
Electric Storage Battery Co. 

Stow Mfg. Co. 


E51, E70 
1 87 
D60 


J7 
D51 


1 70 
A32 
G52 
Electro Devices, 

E28 
G59 
E84 


G34-35 
B44-45 


D58 
E86 
G42-43 
H51 
B56 


G30-31 
F72 
J81 
C51 
G44 
J84 
E85 
I 63 
Die Casting 
D55 


C58 
E62 
a 

Telechron Dept., General Electric 
Co. 
Teer Wickwire & Co.. Lindberg 
Air & Hydraulic Div. 
Teleflex Inc. 
Tennessee Coal & Iron Div., US. 
Steel Corp B38-39, B50, B61 
Tensolite Insulated Wire Co., Inc. . 1 90 


Thiokol Chemical Corp. 
Thomas Flexible Coupling Co. 
Thompson-Bremer & Co., Sub. of 
Amer. Mach. & Fdry. Co. . .G53 
Tomkins-Johnson Co. ........... J69 
Tourek Mfg. Co., J. J. D35 
Transicoil Corp. . . H43 
Tri-Clover Div. Ladish Co. J59 
Trombetta Solenoid Corp. 172 
Tuthill Pump Co. . J83 
Tuttle & Co., H. W. I 96 
Twin City Die Castings Co. D64 
Twin Disc Clutch Co. E54 
anii Loo. 
Ucinite Co., Div. of United-Carr 
Fasteners Corp. 
Union Carbide & Carbon Сор. 
Bakelite Co. C33, C45 
Linde Air Products 
Co. 
US. Steel Corp 
U.S. Steel Export 
Co. B38-39, B50, B61 
U.S. Steel Supply Div., U.S. Steel 
Corp. B38-39, B50, BOI 
Universal Oil Seal Co. H46 
— 
Valcor Engineering Corp. 
Vard Inc. 
Vectron, Inc. 
Vellumoid Co. 
Versa Products Co., 
Vickers, Inc. 
Virginia Gear & Machine Corp. 
Vulcan Rubber Products, Inc., 
subs. Reeves Bros., Inc. 
— 
Wagner Electric Corp. 
Waldes Kohinoor, Inc. 
Walker Co., George 
Ward Leonard Electric Co. 
Warner Automotive Parts Div., 
Borg-Warner Corp. 
Warrick Co., C. F. 
Washington Steel Corp. 
Waterbury Pressed Metal Co. 
Weirton Steel Co., Div. 
National Steel Corp. B30-31 
West Point Mfg. Co. D68 
Western Felt Works 20 
Western Gear Works E71 
Wheeler Insulated Wire Co. I 62 
Whitehead Stamping Co. 1 106 
Whitney Blake Co. 174 
Wichita Clutch Co. E65 
Wiegand Co., Edwin L. 176 
Willys Motors, Inc. H34 
Wilmot Engineering Co. E80 
Winchester Electronics, Inc. 178 
Winsmith Inc. Е40-41 
Winzeler Mfg. & Tool Co. E18 
Wire Rope Sling & Industrial 
Assemblies Dept. American 
Chain & Cable Co., Inc. 
Wisconsin Motor Corp. 
Wittek Mfg. Co. 
Worthington Corp. 
UV РИ 
Yale & Towne Mfg. Co. 
Zenith Carburetor Div., 
Bendix Aviation Corp. 


C57 
E60 


I 65 


C50-51, D31, D67 
B38-39, B50, B61 


J40-41 
E56 

H64, 196 
F78 
J70 
J38-39 
E50 


Inc. 


C64 


H44-45 
G40 
198 
I 68 


E24 
I 88 
B54 
G54 


F65 
H48-49 
G56 
E58, J30 
25-28 
H64 
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your best source for dependable 


mechanical sealing and protection devices 


Va Oil Seals 


C/R specializes in the efficient, economical solution of difficult 
sealing problems. Convincing proof is the fact that more C/R 
Oil Seals are used in automobiles, farm implements and in- 
dustrial machines than any similar device. Available in 1800 
sizes, covering 17 types. Ask C/R first. 


Write for “Engineering with C/R Oil Seals” 


SIRVENE 5 ns 


Where the most exacting characteristics are demanded of a pliable 
part . . . depend on Sirvene. It has earned distinction in thousands 
of difficult applications. Whether it be an intricately designed 
diaphragm or boot or a simple but critical packing or gasket . . . 
ask C/R first. 


Write for "Engineering with Sirvene" 


Cg conpor 


Now C/R offers you the first material that combines all the 
advantages of leather with complete porosity control. Conpor 
permits complete leakage control in lubricant, solvent, hydraulic 
and pneumatic applications. Available in a complete line of 
cup, flange, V and U types, and special designs. Ask C/R first. 


Write for "Report on Conpor" 


CHICAGO RAWHIDE MANUFACTURING COMPANY 
1301 Elston Avenue Chicago 22, Illinois 


IN CANADA: DISTRIBUTED BY SUPER OIL SEAL MFG. CO LTD, HAMILTON. ONTARIO 
EXPORT SALES: GEON INTERNATIONAL CORP... GREAT NECK, NEW YORK 
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for all four 
Your best answer is 


WESTERN 
4021-4139 Ogden Ave 
Chicago 23, Illinois 


Branches in all Principal Cities 


Western Felts can be made as soft as virgin wool 


or as hard as bone—or any desired specifications 
in between. But always, their live fibers hold 
their shape. They never ravel or fray .. . resist 
wear, age, and weather. 

For over 56 years Western Felt has manufactured 
and cut specification felts for all industries. 
Whatever your problem, our experience can be 


helpful. Let our engineers investigate that pos- 
sibility for you. 


MANUFACTURERS AND CUTTERS OF WOOL FELT 
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when you’re buying 


M 


buy all you’re entitled to... 


buy from the manufacturer 
who has a Complete Line 


~ 


buy from the manufacturer who 
Keeps Ahead 


Double Row Deep Groove 

FIRST with the improv- 
ed (Type ''C") Spher- 
ical Roller Bearing, 
which provides more 
capacity and longer life 
than any spherical de- 
sign available. 


Self-Aligning Angular Contact 


_м 


Cylindrical Improved Spherical Roiler 


FIRST with the “SY” 
Pillow Block, with the 
most effective seal ever 
developed for keeping 
lubricant in, dirt out. 


Spherical Roller Thrust 


buy from the manufacturer who gives buy from the manufacturer who gives 
the most application Engineering Service the most Field Engineering Service 


The industry’s largest home office engi- 
neering staff works with you and for you. 


For all you're entitled to, specify sos, because 


mos? provides it all. BEARIN G S AND 
SKF INDUSTRIES, INC., PHILADELPHIA 32, PA.— 


manufacturers of sP and HESS-BRIGHT” bearings. PILL e үү B L e C К S 


7569 
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....a time Saving, 
cost cutting technique 


for industry! 


duplicating “=* = 


Many Di-Acro Precision Metal- 
working Machines are known 
throughout industry for their 
“Die-less Duplicating’ perform- 
ance—producing parts to die accu- 
racy at a fraction of die cost. A 
great variety of experimental and 
production parts and components 
can be made to close tolerances 
without dies using one or more 
Di-Acro machines in combination. 


Investigate these 45 machines that 
punch, notch, roll, shear, bend and 
cut to form your product... better! 


Di-Acro Engineering 
Service is available 
without cost or obli- 
gation. 


PRECISION 
METALWORKING 
1 3 
— — MACHINES а 
for bending a variety saving "Die-Less Dupli- 
of materials cating” techniques. 


O'NEIL-IRWIN MANUFACTURING CO. 


422 8th AVENUE + LAKE CITY, MINNESOTA 


Catalogs 
an 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(M-1) OSCILLOGRAPHS — Catalog, 8 
pp, discusses low and high frequency 
instruments and accessories. Allen B. 
Du Mont Laboratories, Inc, 760 
Bloomfield Ave., Clifton, N. J. 


(M-2) VOLTMETER MULTIPLIERS — 
Bulletin D-2, 2 pp, gives data on 
moisture-proof construction, tempera- 
ture coefficient, terminations, wiring, 
voltage rating, dielectric strength. In- 
ternational Resistance Co., 401 N. 
Broad St., Philadelphia 8, Pa. 


(M-3) POSTURE CHAIRS — Booklet, 
14 pp, describes chairs for office, 
drafting room and other workers. 
Cramer Posture Chair Co., 1205 Char- 
lotte, Kansas City 6, Mo. 


(M-4) TIME TOTALIZERS— Bulletin, 
8 pp, includes descriptions of each 
unit, time ranges, housing information, 
dimensions and wiring diagrams. 
R. W. Cramer Co., Inc., Centerbrook, 
Conn. 


(M-5) REDUCING CAMERA — Book- 
let, 8 pp, gives operating instructions 
and specifications, including clearances 
required, for this camera and the 
continuous processing unit designed 
for use with it. Peerless Photo Prod- 
ucts, Inc., Shoreham, N. Y. 


(M-6) DRAFTING ROOM FURNI 
TURE—Catalog 554, illustrates, de- 
scribes and gives specifications for 
files, tables, sectional steel filing cabi- 
nets, drafting tables and accessories. 
Stacor Equipment Co., 768-778 E 
New York Ave., Brooklyn 3, N. Y 


(M-7) NEMA STANDARDS — Bulle- 
tin 1600A, 7 pp, compares old and 
new frame sizes and dimensions. Louis 


Allis Co., Milwaukee 7, Wis. 
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100 parts made from Enjay Butyl 
give all-weather protection to new cars 


In many new models, extended “new car performance” is assured in over 
100 places by parts made from Enjay Butyl. This super-durable rubber 
has many advantages that make it amazingly resistant to the deteriorating 
elements that cause the early failure of most types of rubber. Its price and 
ready availability are advantages, too. 
If you make a product in which rubber is used, or might be used, why 
not contact the Enjay Company? Our technical consultants might have R U T Y L 
very good news for you about the use of Enjay Butyl in your product. 


News about lower costs and higher efficiency. Why wait? 
Enjay Butyl is the super-durable rubber 
with outstanding resistance to aging * 
abrasion « tear « chipping « cracking « 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. ozone and corona • chemicals + gases + 
District Office: 11 South Portage Path, Akron 3, Ohio. heat « cold « sunlight « moisture, 


35 SUCCESSFUL YEARS OF LEADERSHIP IN SERVING INDUSTRY 
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q WAKES ALL THE DIFFERENCE IN THE WORLD 


M 
“W Technique for Increased 


QUALITY CONTROL 


An EPCO development, Vacuum 
Investment Casting can give your 
parts and assemblies qualities no 
other casting process can match. 


It is now being used on aluminum, 
bronze and steel and imparts these 
qualities. 


1. Improves physical properties. 
2. Improves surface finish. 


3. Produces pressure tightness com- 
parable to bar stock and forgings 
in aluminum and copper-base 
alloys. 


. Permits greater use of poor cast- 

able materials such as magnetic 
iron, pure copper, invar and 
radar plumbing materials such 
as aluminum 28 and 61S which 
are used for their better weld- 
ability. 
Permits design of sharper cor- 
ners, thinner sections than 
previously possible even with 
centrifugal casting. 


In EPCO's new Vacuum Casting proc- 
ess may lie opportunities for further 
improving parts now cast, and equally 
important for casting parts and 
assemblies never before considered 
possible. 


Investigate the savings in production 
costs and improvement in quality and 
design by getting an EPCO quota- 
tion before machining or assembling 
your intricate parts. 


eA 


Specify EPCO 


Part for Aircraft 
Aluminum 356-T6 


Radar Plumbing 
Aluminum 61-S 


Solenoid Housing 
Magnetic Iron 


for your assurance 


of better quality. 


PRECISION CASTING CO. 


HIGHWAY #79, MORGANVILLE, NEW JERSEY 


| 





Catalogs and Bulletins continued 


(M-8) INTERNAL TIMERS — Bulle- 
tin PB 210, 8 pp, contains exploded 
views, complete descriptive and tech- 
nical data, with wiring, dimension and 
housing information. R. W. Cramer 
Co., Centerbrook, Conn. 


(M-9) CYCLING TIMERS — Bulletin 
PB-510, 8 pp, describes these timers 
in detail, complete with time ranges 
and ratings available, wiring diagrams 
and dimension drawings, special hous- 
ings. R. W. Cramer Co., Inc., Center- 
brook, Conn. 


(M-10) PARALLEL EDGE SCRIBER— 
Measuring device, for scribing paral- 
lel lines on all sheet stock, including 
synthetics, plywood, metals is made 
of steel and is graduated in sixteenths, 
W% to 1 in. Dayton Rogers Mfg. Co., 
Minneapolis 7, Minn. 


(M-11) ELECTRONIC TIMERS—Bulle- 
tin, Spp, includes delay, repeat cycle 
and interval times. G. C. Wilson & 
Co., 1950—8 Ave., Huntington, W. Va. 


(M-12) STANDARDS — 1955 Edition, 
48 pp, lists and indexes about 1500 
American standards. There are 210 for 
construction and civil engineering, 153 
mechanical, 272 electrical, 158 safety, 
165 textiles and wearing apparel, 251 
photography and motion pictures, 74 
petroleum products, 69 chemical, 62 
metallurgy, 38 gas-burning appliances, 
32 drawings, letter symbols and abbre- 
viations, 18 mining, 11 rubber, 10 
office equipment and supplies, as well 
as others. A separate section on con- 
sumer goods contains its own index. 
American Standards Assn., 70 E. 45 


St.: New York 17, N. Y. 


(M-13) INSTRUMENTS AND CON- 
TROLS—Catalog 5002, 24 pages, py- 
rometers, indicators, thermometers, 
gages, meters and other such de- 
vices. Minneapolis-Honeywell Regu- 
lator Co., Wayne and Windrim Ave- 
nues, Philadelphia 44, Pa. 


(M-14) MACRO CAMERA—Bulletin, 4 
pp, describes camera designed for 
photographing unwieldy and heavy 
subjects. Chapman Laboratories, P. O. 
Box 207, W. Chester, Pa. 


(M-15) PHOTOELASTIC EQUIPMENT 
—Booklet, 12 pp, describes polari- 
scopes, model-making kits, straining 
frames. Chapman Laboratories, P. O. 
Box 207, W. Chester, Pa. 
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YALE MAKES THE 
LOCK YOU NEED... 


Choose from a wide line of standard models . . . or let Y ale 
experts produce a new lock to fit your specifications 


Whether you need a simple lock or a special lock, 
Yale has it in stock . . . or can quickly make it for you. Talk 
over your requirements with the Yale Industrial 
Lock Expert. (He may be in your locality now.) He'll gladly 
give you all the facts on any Yale lock, help solve any 
tricky locking problems that may be "stymieing" 
you, and show you how to increase the saleability of your 
product with high-quality, low-cost Yale hardware. 
For illustrated catalog write to Industrial Lock Dept., 
The Yale & Towne Manufacturing Co., Lock & 
Hardware Division, White Plains, 
New York. 





a Yale lock for every 


L3378 LOCKER LOCK C-1222 PLUNGER LOCK 4651 DRAWER LOCK 


Chromium finished combination lock Four pin-tumbler lock of extruded Versatile five disc-tumbler lock. 

for steel, gravity or manually opera- brass for metal file drawers and Changed easily to right or left hand 

ted lockers. Retractable dead bolt cabinets. Spring actuated to pop cupboard lock by removing a screw 

controlled by dial . . . manually op- out when unlocked. Can be master- and turning the plug. Can be mas- 

erated. Emergency key controlled. ter-keyed. Dead bolt, die-cast, % in. 
throw. 


HOW YALE Narrow Stile Lock 


Designed at the request of a leading glass 


and metal door manufacturer for use in en- 
trance doors with narrow stiles. Only 14 
inches wide with a 1-inch backset, yet this 
deadlock doesn’t surrender a single Yale se- 


curity or quality advantage. Two-cylinder op- 
eration. Key opens lock from both sides. Pin 
tumbler security. Convenience of master- 


keying. Available in single cylinder opera- 
а LOC K | М G tion too. Handsome construction in anodized 

i extruded aluminum stock. Hardened steel 
Sea pin in bolt. 
> PROBLEMS 





school, business or personal use 


5591 3-WAY DRAWER 
LOCK 


A four pin-tumbler all-brass lock for 
wooden storage units — drawers, 
right or left hand doors. Can be 
master-keyed. Dead bolt, Xs in. 


throw. % in. wood, regular. 


Depository Bag 


Banks offering customers a night depository 
service find lost keys and time-consuming 
searches for duplicate keys a nightmare. So 
a leading manufacturer of night depository 
bags came to Yale for help. And got it! A 
special tamper-proof lock that functions 
speedily and efficiently. Nerve center of the 
lock is a small but mighty cylinder designed 
so that each bank messenger has individual 
access to his own bag — yet one bank master- 
key controls all depository bags. 


TA637 LUGGAGE LOCK 


Smartly designed, first quality suit 
case lock for hardside luggage. 


Bright brass or bright nickel finish. 


regular. 


Hidden Furniture Lock 


Furniture manufacturers find this new hidden 
Yale lock a big plus . . . because it enables 
their customers to lock all drawers in all 
furniture pieces simultaneously! One master- 
key controls all pieces. It’s the only safe 
way to lock furniture against burglars, pry- 
ing maids, baby sitters and curious children. 
This new Yale-designed lock combines quality 
and security advantages never before avail- 
able to furniture manufacturers. 





5529 SHOW CASE LOCK 


All-brass push-in cylinder lock for 
sliding show case doors. Four pin- 
Three disc-tumblers. 18 key changes. tumblers, 1200 changes. Can be 
master-keyed. Heavy locking bolt, 
М in. dia., % in. throw. 1 in. wood, 


2430 PANEL 


BOARD LOCK 

Ideal lock for electric panel 
boards. Key deadlocks bolt 
and ring handle which retracts 
latch bolt to operate. Lever 
tumbler mechanism. Bright 
plated ring handle and brass 
nose. 


$1400 LOCKING 
HANDLE 

Concealed screws hold handle 
from rear of door. New Yale 
handle offers 5 disc-tumbler 
locking cylinder security plus 
roomier, easier grip. Polished 
or satin finish. 


| \ : \v ALE 
INDUSTRIAL MAN 
He has thé. an swer 


to your lock p oblem 


! YALE & TOWNE 





FURTHER INFORMATION . . . 


ON ALL PRODUCTS ADVERTISED IN THIS 


Product Design Handbook Issue for 1956 


is quickly available. These convenient, postage-paid cards 


will bring it to you. 


HERE'S HOW TO USE THE CARDS 


All advertisements appearing in 
this Product Design Handbook 
Issue for 1956 are listed, by their 
page number, on these cards. 


FIRST CLASS 


PERMIT NO. 64 
(Sec. 34.9 P.L.GR.) 
NEW YORK, N. Y. 


For additional information on 
any advertised products, circle 
the page numbers of the adver- 
tisements in which they are de- 
scribed. If more than one adver- 
tisement is located on a single 
page, letters preceding the page 
number identify each advertise- 
ment. Key: T-Top, B-Bottom, R- 
Right, L-Left; TL-Top left, BL- 
Bottom left; R-Top right, BR- 
Bottom right. 


330 West 42nd Street 
New York 36, N. Y. 
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For Specialized Data . . . price, 
sizes available, nearest source of 
supply, etc. . . . do not circle key 
number but indicate your needs 
in the space alloted at the bottom 
of the card. Use this space, too, 
if information about one specific 
product, among several men- 
tioned in an advertisement, is de- 
sired. 


—4¢ POSTAGE WILL BE PAID BY- 
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IN USING THESE CARDS... 


be sure to type or print your name and address clearly on the opposite 
side 


Coupons are provided at the end of each Hanpsoox Issue Section on 
which copies of product-descriptive catalogs and bulletins, described 
editorially in each section, as well as information about products adver- 
tised, can be requested. These cards will also bring you copies of catalogs 
and bulletins. Just list key number of literature desired in the “Specific 
Data” space. 
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IF YOU HAVE SPECIFIC AND DETAILED QUESTIONS 


to ask about any product advertised in this issue, a complete and personal answer to your 
questions may be best secured by writing directly to the company concerned, at the ad- 
dress given in this advertisement. 


FOR CLARITY AND PROMPT SERVICE when writing directly to an advertiser, be 
sure to include mention of Product Engineerings Product Design Handbook Issue for 
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ROCKWOOD BALL VALVES 


Perform better...last longer with no maintenance 


All Rockwood ball valves have a full round 
port area. This area does not permit the shape 
of the fluid stream to change, and allows your 
piping to handle fluids without creating tur- 
bulence in the fluid stream, thus reducing fric- 


NEW ROCKWOOD TOP ENTRY 
BALL VALVES 


Here’s a really unique valve! Four bolts unscrew and 
the cap of the Rockwood Top Entry Ball Valve lifts to 
give you easy access to the entire inside — without re- 
moving the ball valve from the line! You can change the 
direction of the flow without removing the valve from the 
line! Just remove the cap and reverse the cage assembly, 
that’s all there is to it! 

New stem design allows the handle to be placed in 8 
positions, giving you added convenience in installing and 
operating the valve. 

Made of bronze with interchangeable parts, the Rock- 
wood Top Entry Ball Valve is available with sweat ends 
or screw ends and in 14”, 34" and 1". It's ideal for han- 
dling oxygen and hazardous liquids, as well as water, oil 
and gas. It carries 300 lbs. per square inch on water, oil 
and gas and 400 lbs. per square inch on LP gas. Write for 
complete facts on this unique valve. 


ROCKWOOD 
BRONZE 
BALL VALVE 


This ball valve is made of bronze with 
screwed ends in all pipe sizes from ?$" to 215" 
and in cast steel 3” and 4”, and is recom- 
mended for 300 p.s.i. working pressure. 

It can be opened and closed with a quarter- 
turn. Handle design allows valve to be in- 
stalled in any position assuring clearance in 
all types of installations. It does not depend 
upon mechanical parts to maintain proper 
alignment of ball and seat. Tested and listed 
by Underwriters’ Laboratories, Inc. 
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tion loss to a minimum. 

For complete information on the cost-sav- 
ing valves below, write Rockwood Sprinkler 
Company, 805 Harlow Street, Worcester 5, 
Massachusetts. 


ROCKWOOD 
3” AND 4" 
BALL TYPE 
CAST STEEL 
VALVES 


Made of medium carbon cast steel that fully meets the 
specifications for carbon steel pressure castings as em- 
bodied in ASTM. Rockwood cast steel ball type valves 
are designed and constructed for superior service. They 
combine the best features of plug cocks and globe valves. 
Recommended working temperature 212° maximum. 


ROCKWOOD AIR-OPERATED 
BALL 
VALVES 


For remote control use 


To operate valves in hazardous locations or valves in- 
stalled in difficult and hard-to-get-at places Rockwood 
offers you the new air-operated Ball Valve. This new unit 
can be mounted in FOUR different positions around the 
Rockwood Ball Valve. It will operate the valve smoothly 
and efficiently. One valve or several valves can be con- 
trolled from one central control board. It is available in 
a complete package unit — ball valve, cylinder, special 
handle attachment and mounting bracket. Cylinder, 
handle and mounting bracket can also be bought sep- 
arately to be attached to valves already installed on line. 
Can be operated with various types of controls. 

This complete package unit is available in sizes from 
14” thru 2” in bronze and 3” and 4” in cast steel. Addi- 
tional features such as ''Fail-Safe" provisions available 
on request. 


ROCKWOOD BALL VALVES 
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LOW NOISE ° PULSE ° DELAY CABLES 


FEDERAL VARIETY OF CABLE TYPES 


Federal's cable department produces a variety of H-F cable types. Some 
of these cables are produced by Federal exclusively. All are made to the 


most exacting standards of quality and control. The materials used are 
the finest research has developed, assuring top electrical characteristics. 
Initial dimensional precision helps to maintain stability over a wide 
temperature range. 


SOLID DIELECTRIC COAXIAL CABLES consist of a solid or stranded inner conductor, dielectric material, one or two copper wire 


braids, a synthetic resin protective jacket and, in some cases, a protective armor or metal braid. Dual 
coaxial cables are similar in design to the solid dielectric types, except that two accurately-spaced inner 


conductors are used. 


LOW-CAPACITANCE COAXIAL AIR-SPACED CABLES have a construction similar to that of the solid dielectric types, 


— — 


except that air is made a portion of the dielectric. One method of accomplishing this effect and still 
maintaining a high dielectric strength is through a construction involving an inner conductor in a thin- 
walled dielectric tube. This is achieved by means of a dielectric thread wound in a long spiral. 


SPIRAL DELAY, HIGH IMPEDANCE LINES There are four types available with delays of 1 microsecond per foot; .2 micro- 


second per foot; .1 microsecond per foot and .042 microsecond per foot. | microsecond per foot delay 
line is ideal for color TV use. 


TELEVISION ANTENNA LEAD-IN WIRE consists 


of two accurately-spaced conductors over which is extruded the dielectric 
material. These lead-in wires have no braid, jacket or armor except in 


TEFLON HIGH TEMPERATURE CABLES 


Meets new high-temperature requirements of jet aircraft and 
guided missiles. Teflon insulation permits operation of cables 
from 100 F to + 500°F, and maintains extremely low loss 
and high voltage characteristics throughout temperature range. 
"Teflon" insulated cables operate with no change in electrical 
and physical properties under extremely adverse conditions of 
moisture and operate under extremely adverse chemical condi- 
tions (strong alkalies or acids, oxidizing acids, aromatic fuels, 
etc. Reody to supply Teflon Hook Up wire conforming to 
MIL-W-16878A and Hook wire insulated with monochlorotri- 
fluoroethylene conforming to MIL-W-12349. 


Cap. Max. Nom. 
УР, mmfd /ft Oper. Volts imp. Ohms 


RG-87 A/U 69.5 29.5 4,000 50 
RG-140/U 69.5 19.5 1,700 75 
RG-141/U 69.5 29.0 1,500 50 


MINIATURE COAXIAL CABLES 
TEFLON INSULATED 


For High Temperature Applications 


Meet operating requirements of high temperature, abrasion 
resistance, long term stability and light weight. Approximately 
% size of comparable RG types and provide the same imped- 
ance characteristics. Ideal for installations where space and 
weight are at a premium (aircraft, instruments). Meet operating 
temperatures of 150 C for use in confined areas at higher 
ambient or high conductor temperatures. Operating tempera- 
tures up to 200 C may be had by using an impregnated fiber- 
glass jacket. Federal's Miniature Coaxial Cables are made with 
teflon dielectric and trichlorofluoroethylene jackets; other jack- 
eting materials are available upon request. 

Attenuation 
(mox) 
imped Max. db/100 ft 
Type (ohms) Cap. at 400 mc 
K 256 50 — 2 29 mmft/ft 13 
K 257 70 — 3 21 mmf/ft 14 
K 258 93 = 5 16 mmf/ ft 15 
Velocity Propagation 72% approx. 
Corona (min) 850V RMS 
O.D. Dielectric (nom) 0.095 


Conductor* 


7/30AWG 
7/34AWG 
7/38AWG 


* Silver-plated 
Copper weld 
O.D. Jacket (nom) 0.135 


"PRECISION-COAX'' 
A Semi-Flexible Coaxial Coble 


Various types of semi-flexible coaxials that are smaller, 
stronger equivalents of RG 8/U, 11/U, and semi-solid types. 
Instead of conventional braid and jacket (vinyl, Kel-F, Nylon or 
Fiberglass) these semi-rigid coaxials have a seamless extruded 
metal tube (1, 2) over polyethylene or teflon dielectric. Feature 
lower attenuation, better heat stability, are non-contaminating, 
and completely weatherproof. The cable is semi-rigid and lends 
itself readily to different pre-formed shapes. 

(1) Copper tbe can be silver plated per S.O. 
(2) Brass or aluminum per S.O. 


30 


special cases. The advances in television have meant ever-new approaches 
to the design of TV lead-in to the point where it has taken many varied 
forms, the latest being the tubular shaped "pipeline" lead-in. 


Triaxial PULSE CABLES 


RG 156—15 KW Pulse * RG 157—24 KW Pulse * RG 158—18 KW Pulse 


Meet requirements for a high voltage pulse cable (higher voltage levels than any 
other types now on the market). Features include * Higher corona level—than any 
other corresponding plastic cables * Low self generated noise level * Low radiation 
characteristics * Higher power capabilities. Applications include radar, telemetering, 
automation controls, servomechanisms and wherever low level signals are highly 
amplified and used by control or instrumentation devices. 

Corona 
imped Rated Extinction Atten Max Av Cap 

Type ot 1MC Peok KV KV RMS DB/100 ft Kw mmf /ft 
— — (A) (B) (C) (D) (E) — 
RG-156/U 50 — 4 10 10 8 .21 75 15.0 30.0 
RG-157/U 50 +4 20 15 12 17 58 24.0 37.9 
RG-158/U 25 = 2.5 20 15 12 ‚18 92 18.0 77.6 


(A) Room Temp. & Pressure (B) — 55°C & 10,000 ft, (C) at ] MC 
(D) at 10 MC (E) for 1 Microsecond Pulse 


NON-MICROPHONIC LO-NOISE CABLES 


Inherently free of self-generated microphonic voltages, when subjected to shock 
or vibration. A special process insures the best obtainable low noise characteristics, 
permanence and stability. Can withstand severe mechanical abuse and wide am- 
bient temperature variation without deterioration of their characteristics. 

Ovtside 

Nominal Nominal Attenuation (db/100 ft) Diameter 

Type Cap. (mmf /ft) at ! mc at 10 mc at 100 mc (inches) 
K 250 41.1 0.54 2.7 25.0 0.242 
+ 008 

K 251 41.5 1.1 4.6 30.0 0.137 
+ .003 

К 252 40.0 0.30 1.6 21.0 0.420 
+ .010 


Microphonic V. Max. 60 microvolt 
peak to peak 


Charocteristic Impedance (ohms) 50 + 3 
Operating Temp. Range C° — 40 to + 75 


COMPLETE COAXIAL 
CABLE ASSEMBLIES 


also are available from 


COMMUNITY TV COAXIAL CABLE 


Federal has a cable to meet every Com- 
munity TY requirement—single shields, 
double shields, vinyl jackets, non-contami- 
nating vinyl jackets, and polyethylene 
jackets. All cables meet ASTM and REA 
Standards. 

Federal has all cable types and sizes from 
very low attenuation K-14 for long primary 
runs and RG-11/U single and double 
shielded type for distribution and feeder 
runs to RG-59/U for tap off drop lines. 

Federal Telephone and Radio Company 
stands ready to help with technical aid for 
old or new systems. 


Federal to meet your re- 
quirements. This service 
offers the same ‘Precision 
Production" that made 
Federal the outstanding 


name in coaxial cables. 
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MINIATURE COAXIALS * HIGH TEMPERATURE HOOK-UP WIRE 


i's Federal for... EVERY H-F TRANSMISSION LINE REQUIREMENT 
Nominal RG TYPE CABLES 


Capacitance Nominal Inner 


Low Temp 10 Per Foot Attenuation Conductor Broid Jacket 
Black Jacket 100 Mc. + x LOW TEMPERATURE 


Impedance Micro-Micro Strards 


Std. Jacket A Ohms Farads Db/100 Ft. e 
RG-5A/U RG-5B/U 50 28.5 2.4 $1 (25260 — NCV335 NON-CONTAMINATING 


RG-6/U RG-6A/U 76 20 2.8 cwl (25264 NCV339 THERMOPLASTIC JACKET 
RG-7/U 100 12.5 2.0 C1 C304 v379 
RG-8/U RG-8A/U 52 29.5 2.1 C7/#21 C340 V415 
RG-9A/U RG-9B/U 30 2.3 $7/ #21 (2)5355 NCV430 
RG-10 RG-10A 52 29.5 2.1 C7/#21 C340 NCV475 
RG-11 RG-11A 75 20.5 2.1 17/26 C340 V415 
RG-12 RG-12A/Utt 75 20.5 2.1 17/326 C340 NCV475 
RG-13 RG-13A 74 20.5 2.1 17/#26 (21355 ¥430 The new RG types are outstanding 
RG-14 RG-14A 52 29.5 1.4 CI (2)C463 NCV558 for their longer service life under the 
RG-15 76 20 1.5 CWI (2)C463 v 558 most adverse conditions. Their non-con- 
RG-17 RG-17A 52 29.5 85 ci C760 NCV885 taminating feature means there is no 
RG-18 RG-18A/Utt 52 29.5 85 C1 C760 NCV945 reduction in dielectric strength due to 
RG-19 RG-19A 52 29.5 68 Cl C990 NCV1135 moleculor migration. 

RG-20 RG-20A/Ut* 52 29.5 .68 C1 C990 NCV1195 


RG-21 RG-21A 29 Res. wire (2/5264 NCV339 
RG-22A/U RG-228 16 40 *С7/0.01527 (271355  NCV430 SPECIAL 


RG-23 RG-23A 12 1.7 *C7/#21 C845x446 V965x670 CABLE PROBLEMS 


RG-24/UTF 12 1.7 *C7/#21 C845x446 V1034x735 


RG-29 . 28.5 4.2 C1 T150 PE184 
RG-34 21.5 1.8 C7 C540 V640 ; 
RG-35/UTT rt 21.5 70 cl C760 NCV945 


RG-54A/U 26.5 3.1 C7 7220 РЕ250 
RG-55/U 28.5 4.2 C1 (2)T176 PE206 
RG-57/U 17 3.0 "c T540 V640 
RG-58/U 28.5 4.2 cl T150 ۷200 
RG-58A/U 28.5 5.3 T19/0.0071" 1150 v200 
RG-59 21 3.8 CWI C191 ۷250 
RG-62 13.5 3.1 CWI C191 ۷250 
RG-63 10. 2.0 CWI C340 V415 
RG-65 44 Fl C340 V415 
RG-71 3.1 CWI (2)T208 PE250 
RG-74/Utt 1 1.4 CI (2463  NCV615 
RG-79/U1 2.0 CWI C340 V475 
RG-79B/UT1T 2.0 cwl C340 NCV475 
RG-86/U ‘ 56 *C7/#F21 PE665x300 
RG-108/U RG-108A/U 677/278 7177 NCV245 


RG-111/UTF RG-111A/UTF 4.0 *C7/0.0152" 2)T355 NCV490 
- TYPES (a) cold-bend—a few of the many tests that 


K-14 90 C1 C745 NCV885 must be passed before approval for 
K.38 40 c7/# C196 v250 shipment is given. 

KT-107 6.1 *C7/# C191 NCV250 Federal also manufactures many 
K-109A і 8.0 81 T232 v282 types of plastic-insulated wires and 
K-111 3.4 в! C435x235 V490x290 multi-conductor cables for television, 


K-113 4.5 741/234 С150 ۷200 intercom and numerous special pur- 


Type 


Federal is supplying low temperature 
non-contaminating jackets on all cable 
types which now call for it and will 
also supply such compounds for specific 
cables to meet customers’ requirements. 


egegcecce 


Federal Telephone and Radio Co 
maintains a stock of most of the re- 
quired types. When requirements are 
so special that they cannot be met by 
Federal's cable types, Federal research 
and engineering facilities are readily 
available to develop any new cable 
constructions. Charges are based on 
quantity. Special Orders are executed 
under the high standards maintained by 
Federal ‘Quality Control." Every length 
of cable is carefully checked to see that 
it meets all tests indicated for the type 
ordered. Toughness, heat resistance, 
moisture resistance, dielectric strength, 


C—Copper, T—Tinned Copper, S—Silver Plate Copper, B—Bronze, OD in mils (max.), F—Formex. 

V —Vinyl, PE—Polyethylene, NCV —Non-contaminating Vinyl, OD in mils (max.) Applies fo Std. 

NCY. See information in column to right under RG Type Cables Call 

Armored (Jacket dimension given is over armor) NUtley 


2 inner conductors 


Inner Conductor Strands column indicates material by same abbreviations as +- 
CW —copperweld. 2 3600 


FOR COMPLETE DATA —we are ready 
Write for Federal's Catalog on HF Cables, An informative guide to to work with you 
characteristics and applications of the industry's most comprehensive 
line of high quality HF Cables. Address Dept. D-5122 


Federal Telephone and Radio Company 


A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 


In Canada: Standard Telephones and Cables Mfg. Co. (Canada) Lid., Montreal, P.Q. 
100 KINGSLAND ROAD, CLIFTON, N. J. Export Distributors: International Standard Electric Corp., 67 Broad St., N. Y. 





here are important reasons for 
specifying DINGS Direct Acting 
MAGNETIC DISC BRAKES! 


* Backed by years of specialized experience, 
the new Dings DIRECT-ACTING Magnetic 
Disc Brake now offers a combination of design and 
operating features never before offered to indus- 
tries where automatic, controlled braking is required. 


With simple, rugged construction, the new 
Dings Brakes are fully accessible, simple to 
install and adjust . . . with full direct action, 
which eliminates all mechanical linkages 
and levers, assuring instantaneous 
release and consistent, positive stops. 
Tbe new Dings Brake accommo- 
dates tbe standard NEMA sbaft 
extension, and may be used for 
THRU-SHAFT when specified. 
Designed to meet new re-rated and 
old NEMA motor standards. 
Torque ratings from 11 through 
175 lbs. ft. 


Write for new Bulletin BK 4002 


DINGS BRAKES, INC. 


A SUBSIDIARY OF DINGS MAGNETIC SEPARATOR CO 
4715 West Electric Avenue 
Milwaukee 46, Wisconsin 


08255-2/3 


D See our Catalog in SWEETS PRODUCT DESIGN FILE—Section 5a/Di. 


Catalogs and Bulletins continued 


(M-16) WiRE—WAll chart gives split 
gages in decimal sizes. Mettler Machine 
Tool Inc, Adeline St, New Haven, 


| Conn. 


(M-17) CEILINGS—Brochure, 16 pp, 
describes and illustrates luminous, 
acoustical ceilings for offices, indus- 
trial areas, drafting rooms. Luminous 


| Ceilings, Inc., 2500 W. North Ave., 


Chicago, Ill. 


(M-18) WIREBOUND CONTAINERS— 


| Booklet, 15 pp, entitled, “What to Ex- 
| pect from Wirebounds,” describes de- 
| sign, construction materials. Wire- 


bound Box Manufacturers Assn., 327 
S. La Salle St., Chicago 4, Ill. 


(M-19) HEATING EQUIPMENT — 
Folder GEA-6146, 4 pp, shows which 
type of heater to use for specific jobs, 
how to determine heater rating, how to 
calculate heat-up time, and how to 
select thermostats and controls. Gen- 
eral Electric Co., Schenectady 5, N. Y. 


(M-20) SLIDE RULES—Catalog 164A, 
32 pp, describes metal slide rules from 
simple basic units through standard 
and special-purpose scale arrangements 
to the advanced dual-base log lovector 
hyperbolic with log range from 1071° 
to 10™. Pickett & Eckel, Inc., 1109 
S. Fremont Ave., Alhambra, Calif. 


(M-21) FLOW MEASUREMENT AND 


| CONTROL—Bulletin 115, 20 pp, gives 
| information on rotameters. Brooks Ro- 


tameter Co., Lansdale, Pa. 


(M-22) PROPORTIONAL MIXER—Bul- 
letin, 4 pp, contains a selection chart, 
giving specifications and dimensions. 
Also included are capacity tables, list- 
ing gas capacity and blower pressure at 
530, 2500 and 1000 Btu. Eclipse Fuel 
Engineering Co., Rockford, Ill. 


(M-23) DIGITAL CONVERTER—Cata- 
log 58-10, 12 pp. Operation, character- 
istics, accuracy, and specifications are 


described and illustrated with photos, 


drawings and diagrams. Fischer & 
Porter Co., 302 Jacksonville Road, Hat- 


| boro, Pa. 


(M-24) TRANSFER MACHINE—Fold- 
er, 4 pp, describes 11-ft long, 2 ft-8-in.- 
wide transfer unit having 20 sections 
per side. Drive is a 2 hp electric motor, 
supplied. Ferguson Machine & Tool 
Co., Inc., P. O. Box 191, St. Louis 21, 
Mo. 
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( Advertisement ) 


Facts about 
HELI-COIL inserts 


you should know 


What they are 


Heli-Coil* screw thread inserts are pre- 
cision formed coils of stainless steel or 
phosphor bronze wire. Wound into 
tapped holes, they form permanent, non- 
corrosive, strip-proof threads of astonish- 
ing strength. Available for National 
Coarse, National Fine and Unified 
threads, pipe threads and spark plug 


threads. They are made in all standard | 
sizes and lengths for assemblies requiring | 


Class 3, 3B, 2 or 2B fits. 


What they are for 
AS ORIGINAL COMPONENTS: Heli- 


Coil inserts are used to provide stronger, | 
lighter fastenings, corrosion-proof, wear- | 


proof threads in all assemblies. 


FOR PRODUCTION SALVAGE: | 
When conventional tapped holes are | 


damaged in production, restore them on 
the line with Heli-Coil inserts. Get better- 


than-original strength with no increase in | 
screw size and no tell-tale signs of re- | 


work. 


FOR SPEEDY REPAIRS: When 
tapped threads wear, strip or corrode in 


service, renew them in minutes on loca- | 


tion in shop or field with Heli-Coil in- 
serts. No welding—no plugging—no 
secondary machining—no oversize screws. 


How they work 

Holes are drilled and tapped as you do 
for ordinary threads—then Heli-Coil in- 
serts are wound into tapped holes by 
hand or power tools. Install in a few sec- 
onds, assure thread protection forever. 
Can be used in any metal, wood or plastic. 


No other method is so simple, 
effective and practical, 


What they do for you 


Heli-Coil inserts save money because they 
strengthen threads and make fewer 
smaller fastenings do the same holding 
job. They make lighter bosses and flanges 


practical and they save weight in two | 


ways: (1) by permitting use of cap 


screws, instead of bolts and nuts; (2) by | 
allowing use of smaller, shorter, fewer | 


cap screws. Heli-Coil inserts protect your 
product from thread wear, galling and 


stripping for life in every kind of metal, | 
in plastics or wood. They preserve cus- | 


tomer good-will by preventing product 
failure, due to thread fault. Heli-Coil 
inserts improve the end product, cut re- 
jects, salvage threading errors. 


Best time to put Heli-Coil inserts’ benefits 


to your use is right at the designing 
board, as many leading manufacturers 
are doing. But to convince you of their 


many advantages ask for a working dem- | 


onstration right on your production line. 
Write today! Complete information and 


engineering data are available in the | 


Heli-Coil catalog. Use Coupon! 


*Reg. U.S. Pat. Off. | 


Approved for All Military 
and Industrial Uses 


PIP push inserts offer 


READY-MADE 
FEMALE THREADS 
WITHOUT DRILLING 

~. OR TAPPING 


Amazing new techniques now permit the insertion of 
ready-made, self-anchoring female threads in molded 
plastic parts, die-cast alloys, powdered metals and other 
soft, light materials — without costly drilling or tapping. 


Heli-Coil* PIP push inserts have been developed by the Heli-Coil 
Corporation over years of exhaustive research and testing. These PIP 
push inserts are pushed directly into cast or molded, blind or through- 
holes. They provide female threads for standard industrial specifica- 
tions of thread fit (usually Clas: 2), often at less than one cent per thread 
installed. 


For most production needs, tooling consists merely of a PIP mandrel, 
which is no larger nor more complicated than a drill or reamer. The 
mandrel can be used in any device having suitable stroke for pushing the 
PIP insert into the hole...a drill press, kick press, arbor press, or air 
piston will do. No rotation is needed. A few dollars in tooling is all you 
need to set up for about 1200 holes per hour— per mandrel! There is also 
available an automatic hopper-fed PIP push insert machine for use in 
quantity runs of 100,000 or more. 

Send the coupon below for your free copy of our Standard PIP push inserts 
Application Chart. This unique chart will enable us to discover quickly 
without a salesman’s call, whether Heli-Coil PIP push inserts will save you 
time and money. We maintain a top-flight staff of thread engineers and, if 
PIP push inserts are applicable in your case, we'll be glad to consult with you. 


Electrical socket cap shows successful applica- 
tion of Heli-Coil PIP push inserts. Female thread 
in cap has sufficient strength to impale two 
covered wires on contact prongs. 


For high-strength applications, 
we recommend the use of 
standard Heli-Coil Screw T hread 
or Screw-Lock Inserts. 
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HELI-COIL CORPORATION 


SHELTER ROCK LANE, DANBURY, CONN. 


C Send Standard PIP push insert Application Chart and other in- 
formation on this new technique. 


CO Send design data on Heli-Coil Screw Thread Inserts. 
C Send design data on Heli-Coil Screw Lock Inserts. 


NAME TITLE 
COMPANY. 


ADDRESS 


city ZONE STATE @) ens 


*Reg. U.S. Pat. Off. 


Heli-Coil Corporation: Manufacturer of Heli-Coil Screw Thread Inserts, Heli-Coil 
Screw Lock Inserts and Heli-Coil PIP push inserts. 
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RELAYS, CONTACT WORK, 
ASSEMBLIES, ELEMENTS, ETC. 


Think! One or more of the so-called 
“precious metals” or their various alloys 
may simplify your production, reduce 
costs and greatly increase product quality. 
It's well worth looking into, especially 
when all the facts are readily available, 
plus the benefits of more than half a 
century of experience—from Joseph B. 
Cooper. p 


Attention—DESIGN ENGINEERS 


We stand ready to assist you in secur 
the precious metal parts 
your and to help you 
the precious metals can 
be used to the best advantage. We have 
the data you want on electrical properties, 
high temperature and corrosion resist- 
ance, prime characteristics and mechani- 
cal properties 


ing 
for 


necessary 
equipment, 


determine how 


e WE PRODUCE al! the precious 
metals and their alloys in fine wire to 
.001” Round—wire in all sizes and shapes 
—strip and foil to .001”—sheet in all re- 
quired dimensions—ingot in all propor- 
tions—sponge or salts for numerous uses. 
We specialize in straight line production 
as well as custom fabrication. 


Consultation Without Obligation 


It will cost you nothing to get our advice 
in this field . and we may be able to 
point economies 
quality 
looking 


out and increased 
may be 


write us 


production 
Call or today. 
Brochure 855 will be sent promptly. 


you over- 


Our 


Precious Metal Specialists For Over ‘4 Century 


Properties of 
PLATINUM 


Resists oxidation, cor- 
rosion, pitting, creeping, 
ond genera reaction, 
(physical and chemical). 
Quality without parallel 
where ever electrical 
junction is required. Will 
not pit, oxidize, corrode, 
or in any way perma- 
nently chonge electrical 
or thermal conductivity 
due to constant or inter- 
mittent electrical cur- 
rent. Operates for ex- 
tremely long periods free 
of maintenance. Tena- 
cious, malleable, ductile; 
has considerable tensile 
strength. 


PALLADIUM 


Finds 
where 
sential. 
ductile; 
worked 
physical 


great usage 
economy is es- 
Very malleable, 
strong when 
into numerous 

shapes ond 
forms. Does not tarnish 
in air; hos many other 
unique properties. With- 
stands higher arcing 
temperatures than silver, 
copper, ond many other 
metals 


GOLD 


The newest Electronic 
Metal, with unique and 
diverse properties—physi- 
cal, thermal, electrical, 
optical, corrosion-resist- 
ant—not found in combi- 
nation in any other form 
May do that “impossi- 
ble” job, or economically 
replace steps in present 
operation. Most, malle- 
able, most ductile, and 
one of the softest metals. 
Good conductor of heat 
and electricity. Unof- 
fected by air and most 
reagents. 


SILVER 


Superior electrical con- 
ductivity. Equally supe- 
rior thermal conductivity. 
Excellent resistance to 
corrosion. Ready worka- 
bility. Excels all other 
metals as a conductor of 
heat, electricity. No 
change in water or pure 
air. 


JOSEPH B. COOPER & SON, INC. 


75 WEST 
NEW YORK 36 


JUdson 2-3095 


A 
B 


47TH STREET 


Y 


If you designed .and built 


THIS TIME CONTROL 


and Appearance & Performance & Economy 


CALLED FOR 6 PLASTICS PARTS 


Sales & Production & Purchasing would say 
CALL MIDWEST MOLDING 


Phenolic Case Phenolic Bock 


ss 
34 
Phenolic Mounting Block 


Phenolic Cams 


1 12 
— 


Centralized responsibility for Multiple plastics components can make a 
big difference in lowering costs as well as simplifing production schedules. 
Triple "M" Customolding facilities have been coordinated with many pro- 
duction lines and we can show interesting results. Write for details. 


MOLDMAKERS AND MOLDERS + COMPRESSION AND INJECTION 


Hi i t в 
ano Manufacturing company 


GURNEE 95, ILLINOIS—CHICAGO PHONE: Dickens 2-0777 
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ROTARY 
to fit the job at hand- SEALS 


There’s no reaching back on the shelf for a 
ROTARY SEAL, when a tricky Shaft Sealing 
job challenges solution. No, indeed—design of 
precisely the right Seal to meet all the conditions 
successfully is often a matter of many months of Ever since the original introduction of the 
painstaking development on the part of ROTARY basic ROTARY SEAL principle years ago, 
SEAL's specialists in Seal engineering. We tell ( 
manufacturers of original equipment, “Call us in 
at the drawing board stage, if possible—we can 
often come up with suggestions which will cut 
both original costs and repair worries.” 


more and more leading manufacturers in 
every field have turned here for the one right 
answer to Shaft Sealing difficulties where 
production volume is involved. We've helped 
them solve many an **unsolvable" problem by 
painstaking engineering and a practical ap- 
proach. There's a wealth of experience behind 

mechanical every ROTARY SEAL application design! 
THE seals 


for 


IM o Pn 


SEAL << 


r ET TTN STREET 
Ld III. 0 TTS a 
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Engineered T0 YOUR NEEDS 
Designed FOR WORK-POWER 


Milsco Cushion Seats are built to improve 

the road-ability and comfort-factor of 

many types of mobile equipment. "Body- 

form" posture design uniformly supports 

the body at all pressure points and 
"cradles" body weight against jars and 

jolts. All materials used are job-proved 

and performance-tested to give your 
equipment a plus-value in comfort and 

T operating freedom. Our engineers will 
мо: gladly cooperate with you in designing 
АММО“ | efficient seating expressly for your needs. 


Sold =y м Menufecturers -r : — m conet 





Will last forever 
in service—elimi- 
nating costly re- 
placement 


Available in outside diameters 
of .04 to .32. 

One or more wires insulated 
with a pure mineral swaged into 


a metal tube. 
Can be sharply bent. E P 
Sheath can be welded without 


loss of insulation. 


Available. in a variety of sheath : E, STAINLESS STEEL 


metals with thermocouples and 
other wire materials. || > NAVAL BRONZE STEEL BRASS 
Complete thermocouple probes ALUMINUM  MONEL EVERDUR 


LIA UEM € ck ALLOY STEEL 


Write for Bulletin 6A 
ые С e ое Eon: — || 
B 


IMMEDIATE DELIVERY A CATALOG ON REQUEST 


INSTRUMENT COMPANY, INC. 
) KEYSTONE N пв 7 id 
1040 WEST GRAND AVENUE CHICAGO 22, ILLINOIS 


Sales Representatives throughout the United States and Canada LAIT CHURCH ST. NEW YORK 7, N. Y 
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Catalogs and Bulletins continued 


(M-25) VOLTMETERS—Bulletin 116, 
4 pp, describes d-c and a-c expanded 
scale panel voltmeters. Tables are given 
for base voltages, spans and accuracy. 
Beckman Instruments, Inc., 220 Pasa- 
dena Ave., Pasadena, Calif. 


(M-26) INDEX TABLES—Catalog 300, 
12 pp, describes index tables for high 
speed production. Contains assembly 
drawings, tables of load ratings and di- 
mensions of over 150 models and data 
on the indexing mechanisms. Fergu- 
son Machine & Tool Co., P. O. Box 
191, St. Louis 21, Mo. 


(M-27) STEAM JET APPARATUS— 
Bulletin J-1, 10 pp, includes informa- 
tion on jet principle, jet apparatus 
terminology, and data on jet con- 
struction, operation and the advantages 
offered by jet apparatus. Various func- 
tions performed by jet apparatus are 
outlined, the types of apparatus best 
suited for each function are identified, 
and each type of apparatus is described. 
Schutte and Koerting Co., Dept. J-Q, 
Cornwells Heights, Bucks County, Pa. 


(M-28) TESTING SHAKERS—Bulletin 
6454, 4 pp, describes shaping systems 
for testing of parts, materials and as- 
semblies. Calidyne Co., Winchester, 
Mass. 


(M-29) VOLTAGE MEASUREMENT— 
Bulletin 2354, 4 pp, describes a por- 
table electrical instrument for use 
wherever voltage must be measured 
over a wide frequency range. Calidyne 
Co., Winchester, Mass. 


(M-30) TEMPERATURE EQUIVALENTS 
—Pocket-size chart of fahrenheit and 
centigrade equivalents is 814x314 in. 
Moeller Instrument Co., Richmond Hill 
18, N. Y. 


(M-31) LEVEL INDICATORS— Folder, 
4 pp, contains engineering drawings 
and specifications on four models of a 
device consisting of a 1/200 hp motor 
turning a paddle wheel at 5 rpm. Mate- 
rial in bin or tank touching paddle 
stops it, operating limit switch. Con- 
vair, 712 Brookline Blvd., Pittsburgh, 
Pa. 


(M-32) COUNTERS, SCALERS, TIMERS 
—Booklet, 18 pp, describes electronic 
equipment for machine control and 
production counting and measurement. 
Potter Instrument Co, Inc, Great 
Neck, N. Y. 





get 


this KEY 
to lower 


assembly costs 


There are new opportunities for cutting assembly costs 
in the “Key Locking” feature of KELox Inserts and 
Studs. You can improve your product and reduce 
assembly costs with KELOx because these fasteners— 


1. Provide a positive lock between in- 
sert or stud and parent body. 


2. Provide higher stress allowable per 
space required. 


3. Are simple to install and remove. 
4. Make maximum use of tapped hole. 


5. Afford considerable 
assembly weights. 


reduction in 


6. Save space and improve product 
design. 


Universal Fasteners Co. 
Centerville Road, P.O. Box 449 
Sturgis, Michigan 


P. O. Box 4 
East Hartford, Connecticut 
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F. D. Barringer Gompany 
542 Spring Street, N.W. 
Atlanta 3, Georgia 


D. R. & W. Technical Service Company 


7. Can be serviced in field without 
special tools. 


8. Require no special threads. 


KELox Fasteners are part of a family 
of universally used PHILLIPS 
PRODUCTS that are designed, de- 
veloped and distributed by a world- 
wide organization. Г 

This highly specialized, technical 
group will be glad to assist you with 
your fastener problems. Use coupon 
below to get more facts on KELOx! 


Fasteners, Inc. 


580 Fifth Avenue 
New York, New York 


SALES REPRESENTATIVES — 


Monogram Manufacturing Co. 
8557 Higuera Street 
Culver City, California 


Scott Fittings Limited 
339 Bering Ave., P. O. Box 169 
Toronto 18, Canada 





DESIGNERS 


send 
us your 
telephone & number 
... it may mean a 
better future 
for you! 


Because of increased emphasis on 
some of our long-range projects, we want to 
establish immediate contact with 
competent designers. 


To those who qualify, we can 
offer a real opportunity to build 
solid, well-rewarded careers. 


If you want a chance to grow, 
attractive wage rates, extra benefits, 
New England living — mail this coupon today! 


Particularly important is your 
telephone number. We may want to call 
you at once to arrange for personal 
interviews or plant visits. 


Mr. P. R. Smith 

Dept. 10, Design Employment 
Pratt & Whitney Aircraft 
East Hartford 8, Conn. 


I would like to learn more about your openings for pro- 
duct and component designers. My experience has been in 
the following fields: 

O Compressors O Hydraulics O Piping 

O Turbines O Gears O Controls 

O Structures O Valves O Test Equipment 

O Afterburners and O Heat Exchangers and O Test Rigs 
Related Equipment Combustion Problems 

O Aerodynamics O Bearings 


Total years Mechanical Design experience 


You can reach me at Most convenient 


(telephone number) 
hours for receiving calls are between...... elec has 


World's foremost 
designer and 
builder of 
aircraft engines 


PRATT & WHITNEY AIRCRAFT 


Division of United Aircraft Corporation 
East Hartford 8, Connecticut 


Catalogs and Bulletins . continued 


(M-33) PEELABLE PLASTIC PACKAG- 
ING—Booklet, 12 pp, outlines applica- 
tion of butyrate peelable plastic in the 
hot melt dipping of parts and com- 
ponents. Eastman Chemical Products, 
Inc., Kingsport, Tenn. 


(M-34) LINE VOLTAGE REGULATOR 
—Bulletin, 4 pp, describes distortion- 
free regulator for any load up to 6 kva. 
General Radio Co., 275 Massachusetts 
Ave., Cambridge 39, Mass. 


(M-35) INSULATION ‘TESTING — 
Booklet, 27 pp, describes a d-c over- 
potential testing method. Contains a 
compilation of information on the 
principles involved and a bibliography 
on testing techniques. In addition, the 
publication includes detailed descrip- 
tions of testers which have outputs 
from 30,000 to 150,000 v, d-c. Beta 
Electric Corp, 333 E. 103 St, New 
York 29, N. Y. 


(M-36) HIGH RESISTANCE MEASURE- 
MENT—Bulletin, 4 pp, describes in- 
strument for checking insulation, re- 
sistance. Unit will measure up to 2 
million megohm. General Radio Co., 
275 Massachusetts Ave., Cambridge 39, 
Mass. 


(M-37) VOLTAGE REGULATOR—Bul- 
letin T-8300, 4 pp, describes static volt- 
age regulator for 60 cycle, a-c alter- 
nators. Gives detailed information on 
construction, operation, installation and 
models and specifications. Leach Corp., 
4441 Santa Fe Ave., Los Angeles 58, 
Calif. 


(M-38) VACUUM TUBE VOLTMETERS 
—Bulletin (4) describes miniature, 
panel-mounting voltmeters, auxiliary 
power supplies. Trio Laboratories, Inc., 
3293 Seaford Ave. Wantagh, N. Y. 


(M-39) FLAME FAILURE GUARD— 
Bulletin 523, 4 pp, covers working 
principle in detail, along with a dia- 
grammatic sketch of an installation. Ess 
Instrument Co., Bergenfield, N. J. 


(M-40) HEATED AND COOLED GAGES 
AND VALVES — Bulletin 237, 4 pp, 
covers problem of getting accurate 
level readings of liquids that boil or 
surge, or liquids that are heavy and 
don't fllow at normal temperature. 
Special design and construction fea- 
tures are described and illustrated. 
Jerguson Gage & Valve Co., 80 Fells- 
way, Somerville 45, Mass. 
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USE TIME-SAVING COUPONS BELOW 


... to request further information on 
all products advertised in this Handbook Section 


... to request your copies of product catalogues 
and bulletins listed and described in this section 


(You will find similar coupons at the end of each Handbook Section ) 


CONSULT THE PRODUCT INDEX 
beginning on Page 12, when you 
want all available information on 
a particular type of product: this 
Product Index is your guide to all 
advertisements in this Handbook 
issue by manufacturers of this 
type of product. 


CIRCLE THESE NUMBERS FOR FURTHER INFORMA- 
TION ABOUT ADVERTISERS APPEARING IN THIS 
SECTION 


19 20 21 22 23 24 
29 30-1 L32 33 L34 
BL36 BR36 37 


25-8 
R34 35 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION 
M2 M3 M4 М5 М6 
м9 мо мї м2 міз 
MI6 м7 M18 MI9 
M24 M25 M26 
M31 M32 M33 
M38 M39 M40 


MI 
M8 
M15 
M22 


M7 


M27 
M30 
M37 


For specific information about products: 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to Product Engineer- 
ing's Product Design Handbook issue for 1956, and 
page number oí advertisement prompting your 
letter. 


CIRCLE THESE NUMBERS FOR FURTHER INFORMA- 
TION ABOUT ADVERTISERS APPEARING IN THIS 
SECTION 


19 20 21 22 23 24 
29 30-1 L32 33 
T36 BL36 BR36 37 


25-8 
R34 35 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION 
M2 M3 M4 М5 М6 
‘MS мо мї м2 MI3 
M16 M18 МІ M20 
M25 M26 M27 
M32 M33 M34 
M39 M40 


МІ 
M8 
M15 


M7 

M14 
M21 
M24 M28 


M29 M30 M31 


For specific information about products: 





NEW BOOKS 


General Engineering 


High Speed Photography. 6 x 9 in., 
paper-bound, 359 pp. Publisbed by 
tbe Journal of tbe Society of Mo- 
tion Picture and Television Engi- 
neers, 40 W. 40 St., New York 18, 
N. Y. $4.50. 


An excellent collection of papers 
dealing with both American and Euro- 
pean techniques of high-speed photog- 
raphy. The book is divided into five 
distinct sections. The first deals with a 
description of various camera equip- 
ment; the second is concerned with the 
accessory equipment such as lighting 
and timing devices; and the third de- 
scribes various applications in research 
and testing. The fourth covers a gen- 
eral survey of high-speed photography 
in Great Britain, in Europe and in the 
chemical industry. The final section is 
a series of papers devoted to statistical 
data pertaining to high-speed photog- 
raphy, such as the economics, the ac- 
curacy limitations of high-speed metric 
photography, and the growth and de- 
cay of light from flash-discharge tubes. 


The Strain Gage Primer by C. C. 
Perry, Asst. Prof. of Engineering 
Mechanics, Wayne University and 
Research Consultant, and H. R. 
Lissner, Prof. and Chairman, Dept. 
of Engineering Mechanics, Wayne 
University. 6 x 9 in., 281 pp. Pub- 
lished by the McGraw-Hill Book 
Co., Inc., 330 West 42nd St., New 
York 36, N. Y. $6. 


Practical introduction to strain gage 
technique aimed directly at the user. 
The various methods of strain meas- 
urement are discussed, including opti- 
cal strain measurement, brittle lacquers, 
and electric strain measurement. 

Bonded wire resistance strain gages 
are given the most extensive treatment. 
Their appearance, composition, manu- 
facture, and operating characteristics 
are described. 

Criteria are included that govern the 
sclection of the appropriate strain 
gage, procedures for cementing it in 
place properly oriented, associated in- 
strumentation, and the interpretation 
of results. Since strain measurements 
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are often required on rotating mem- 
bers, a chapter is included on slip rings 
and switch contacts. 

Some special applications of strain 
gages as transducers provide an intro- 
duction to possible uses far beyond 
that of simple strain measurement. 


Acoustics by Leo L. Beranek, Asso- 
ciate Professor of Communication 
Engineering, MIT. 6 x 9 in., 481 pp. 
Published by tbe McGraw-Hill 
Book Co., 330 West 42 St, New 
York 36, N. Y. $9. 


Designed for the engineer or sci- 
entist who intends to practice modern 
acoustics in the laboratory or in the 
field, this new text presents a compre- 
hensive study of the entire subject. 
Included are recent advances in such 
topics as dynamical analogies, directiv- 
ity patterns, acoustical circuits, loud- 
speaker enclosures, sound transmission 
through structures, noise reduction, 
speed communication and  psycho- 
acoustic criteria. 

Less mathematical than many texts, 
this volume develops logically the 
theories of acoustics from the basic 
equations and their solutions. 


Analog Methods in Computation 
and Simulation by Walter W. 
Soroka, Professor of Engineering 
Design, University of California. 
6 x 9 in., 390 pp., published by Mc- 
Graw-Hill Book Co., Inc., 330 W. 
42nd St., New York 36, N. Y. $7.50. 


Analogies are developed for the 
various arithmetical processes. Mechan- 
ical, electromechanical, electrical and 
electronic computing elements that 
perform these processes are discussed 
and illustrated in detail. These basic 
analogies are then combined into ana- 
log computers for linear simultaneous 
algebraic equations, poly - nominal 
equations, and ordinary differential 
equations. The mechanical differential 
analyzer and the electronic analog 
computer are discussed. 

The dynamical similarity between 


electrical circuits and mechanical sys- 
tems is taken as the basis for represent- 
ing mechanical systems in lumped 
form by equivalent electrical circuits 
with lumped parameters. Then, ordi- 
nary and partial differential equations 
of various degrees of complexity, linear 
and non-linear are expressed in finite 
differences and electrical networks are 
developed for their solution. 


Applied X-Rays by George L. Clark, 
Research Prof. of Analytical Chem- 
istry, University of Illinois, 61 x 
9% in., 843 pp. Published by the 
McGraw-Hill Book Co., Inc., 330 
W. 42 St, New York 36, N. Y. 
$12.50. 


Fourth edition of a reference book 
that covers the entire field of X-ray 
science. Its scope includes history, in- 
strumentation, engineering, physics, 
chemical effects, biology, medicine, 
crystallography structures and textures 
of materials. 

The first half is concerned with 
generation of X-rays by means of the 
various tubes and the associated high 
voltage equipment and instruments. 

The second half of the book is de- 
voted to the analysis of the crystal 
structure of pure metals and alloys, 
silicates, organic compounds, glasses, 
liquids and the texture of metals. 


Engineering Contracts and Specifi- 
cations by Robert W. Abbett, 
Knappen, Tippetts, Abbett, Mc- 
Carthy, Engineers. 51% х 81% in., 
429 pp. Published by Jobn Wiley 
& Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y. $6. 


This third edition contains a clear 
and concise description of the funda- 
mental methods of preparing contracts. 

New material contained in this vol- 
ume consists of: Engineering and Con- 
struction Law; Cost Plus Fixed Free 
Contracts; Construction Insurance; 
Bonding Practice; Contracts for Ar- 
chitectural and Engineering Services, 
and Specification Writing. 
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Two Types of Automatic Equipment 


Fig. 1—(Left) A rotary line. 


(Right) A straight line. 
Line type depends upon the part or component 


being machined. Straight lines are usually for large 
parts such as engine blocks. 


—Dodge Div., Chrysler Corp 


Engineering Problems in Continuous 


MUCH HAS BEEN WRITTEN about the 


automatic factory, job shop automa- 
tion and similar new horizons. But 
before all this can be a reality, the 
many sided problems such as machine 
type, tool design, control functions, 
maintenance, and investment costs 
must be analyzed and understood by 
management, engineering, production, 
and sales groups. 

The extent to which automation can 
be applied economically is not neces- 
sarily determined by the size of the 
business, but rather by the volume and 
characteristics of the products manu- 
factured. Even in low production of 
large machines, some parts of them 
may be produced in sufficiently large 
quantities to justify automatic manu- 
i Examples of such parts are 
laminations for large motors and tur- 
bine blades for jet engines. 

Volume of production of products 
and parts is attained not only through 
the of consumer demand; 
other essential requirements are stand- 
ardization of the design of the prod- 


facture. 


creation 


Papers from: 18th Annual Machine Tool 
Electrification Forum. Annual Meeting: 
American Society of Mechanical Engi- 
neers. AIEE Conference on Machine 
Tools. 
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uct, the materials of construction, and 
the manufacturing operations of the 
producing company. 

Automation, as it affects the design 
engineer, is a way of manufacturing; 
the essence of which is the automatic 
flow of material between production 
operations. Practically all hand opera- 
tions must be "designed-out" of the 
product or part. 

The degree of success achieved 
through automation depends in large 
measure on how well design engineers, 
through cooperation with material sup- 
pliers and manufacturing personnel, 
design their products to assure an un- 
interrupted supply of raw or pur- 
chased materials and a constant flow of 
work through the production line. 

The design approach is to set down 
the types of automatic machinery— 
including rotary or straight line, Fig. 
|—that are available or can be ob- 
tained to manufacture the product and 
list the prime requisites that the design 
must meet to facilitate the use of 
such machines. 

In general, Fig. 2, there are three 
classes of automatic machines: 

1. Standard machines with transfer 
equipment added. The handling de- 
vices are usually designed and built by 
the user to suit his product and to fit 


the machine. Devices of this type are 
often curbersome and many tend to be 
unreliable. 

2. Single-unit machines incorpo- 
rating their own handling equipment. 
Many new machines are designed in 
this way and operation is normally 
satisfactory. However, an operator is 
required to position the work and a 
helper to remove the work and pass it 
on to the next operation. This tends 
to slow down the operation. 

3. Special machines using standard 
equipment. These are fully automatic 
sequence units where many operations 
are done simultaneously. Conveyors 
are used to pass and position the work 
in the next machine. This is normally 
accomplished with a minimum of labor. 

All of these machines are employed 
to automatically control the flow of 
materials and parts. Automation is 
made up of integrated automatic ma- 
chines and the means of conveying 
parts between these machines. The ul- 
timate goals are the reduction of man- 
ual labor and the production of pre- 
cision parts in very large volumes in 
all phases of product manufacture. 

To accomplish these goals many 
problems must be analyzed and solved 
before complete automatic control, as 
defined, is possible. 
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Classification of Equipment .. . 
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General Electric Company 


Fig. 2—(A) Standard machines with transfer equipment added. (B) Standard machines equipped with transfer mechan- 


ism. 


(C) Special machines using standard components. 


Automated Production: 


A few of these are: machine require- 
ments, tool and cutting problems, down 
time limitations and control types. 


Minimum Machine Requirements 


Successful automatic control fre- 
quently starts with many smaller ma- 
chines that handle various sizes of 
work at various rates. Some of the 
requisites of the smaller, more flexible 
machines will be common to larger 
units. Some will be decidedly differ- 
ent. The minimum requirements for 
small units are: 

1. Preoperation storage. Parts must 
be stored in their correct position while 
waiting for the initial machine opera- 
tion, Fig. 3. Also, enough parts must 
be available to assure continuous opera- 
tion. 

2. Self-controlled demand system. 
Stored parts must enter the work table 
ready to be automatically positioned 
and clamped during the next machine 
cycle as the preceding part is ejected 
from the machine. 

3. Positioning and clamping. Hy- 
draulic, air and electric devices, Fig. 4, 
must be coordinated to position and 
clamp the work piece. If the work 
is mot correctly placed the machine 
must turn-off and the operator be 
alerted by a light or a bell. 
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4. Termination of machine cycle. 
For all precision operations termina- 
tion of the machine cycle should be by 
an actual measurement of the work- 
piece. This is perhaps the key require- 
ment in automatic equipment. The 
part must be turned or cut to the di- 
mensions specified. Mechanical or 
electrical devices are incorporated to 
fulfill this requirement when the 
allowed tolerance is reached. 

5. Self-checking. Physical handling 
defeats the purpose of automation. Ma- 
chines should have an air-electric, 
hydraulic-electric, or similar method 
that checks the parts to the limits set 
into the machine. 

6. Size segregation. Workpieces 
must be checked as they leave the ma- 
chine. Also, “go” and “no-go” segre- 
gation should be made, Fig. 5. Elec- 
trical triggered mechanisms are nor- 
mally used. 

7. Part reject. Too many rejects 
should interrupt the automatic cycle of 
the machine. Part reject is usually 
caused by dulling or breaking of the 
tool. Tool revolution counters may be 
added to shut down the machine for 
tool changes after a specified number 
of turns or tools may be changed based 
on the number of hours of work. 

Secondary requisites would be opera- 
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tion time, machine speed to meet line 
needs and the type of control—hydrau- 
lic, pneumatic, electrical—used. How- 
ever, for equipment to be considered 
automated all primary requirements 
must be met. 


Tool and Cutting Problems 


The single most important consid- 
eration in automatic equipment is the 
cutting action and speed of the tool, 
Fig. 6. Automation depends upon an 
even, steady flow of work and if one 
machine operation takes twice as long 
as all others the line will be slowed 
down to a point where automation may 
be uneconomical. 

The results of published metal cut- 
ting research often permits the selec- 
tion of the type of tool material most 
suitable for the job. Also, research 
gives the desired metallurgical prop- 
erties for machining the workpiece 
material, and the proper selection of 
feeds and speeds. Newly developed 
HSS types, cast materials, and carbides 
give a wide choice in tool materials. 
For instance, a machine designed to 
mill the ends of an automotive cylinder 
block sold for $89,000 and had the 
following production figures. HSS 
cutters gave a production of 14 blocks 
hr; stellite, 19 blocks/hr; and carbide 
cutters a rate of 100 blocks/hr. For a 
machine of this cost, HSS and stellite 
cutter production would be considered 
uneconomical and would not justify 
initial cost. Of course, part material 
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Fig. 3—Twenty-four inch vibrational type pre-loader. Unit bas a — storage 


capacity and orients the jumbled parts before entering the gravity chute. 


Conveyor belt carries gear blanks to pre-loader. 


and machine speed enter into the cost 
picture. 

The phenomenal cutting speeds 
often reported -for a single test, and 
usually for comparatively light cuts of 
short duration, have limited use in 
automatic machinery. It is more im- 
portant to keep the tool running as 
long as possible to eliminate time 
losses caused by cutter changes. 

The range of cutting speeds for mill- 
ing various materials with carbide cut- 
ters is between 250 and 350 fpm for 
cast iron and between 400 and 700 
fpm for mild steel; but for aluminum 
and magnesium alloys speeds may go 
up to 10,000 fpm. These figures must 
be modified towards the lower limit 
when the material is scaled or hard, 
and extended upward when the cut is 
light and the part of a uniform and 
suitable microstructure. Likewise, for 
roughing operations the cutting speed 
will approach the low limit and the 
feed per tooth the high limit, while for 
finishing the reverse will be used. 

Tool tip temperatures will increase 
with the cutting speed and the higher 
these temperatures, the faster the tool 
will wear. To keep equal time inter- 
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vals between cutter changes of rough- 
ing and finishing spindles, the rough- 
ing cutter would have fewer but 
stronger teeth for heavier feeds. While 
the number of teeth in a finishing 
cutter would be higher and the tool 
material itself more wear resistant. 
Even with metallurgical control of 
microstructure, hardness and other 
factors the number of workpieces made 
per grind can vary 100 per cent. In 
castings, dimensions are frequently 
larger than specifications call for and 
such excessive stock often will cause 
cutter breakage. These difficulties 
should be given consideration while the 
tools are being designed since it may 
be impossible to redesign the tools for 
optimum performance under the con- 
ditions of automatic production. 
Scale and sand inclusions create a 
problem in each workpiece. The opti- 
mum cutting speed and feed and the 
most suitable tool material, tool angle, 
and sequence of operations often can 
be determined only by tests on the 
actual workpiece. Generally it can be 
stated that the machining of hard 
parts requires milling cutters that have 
a rigid body with movable blades posi- 


tioned so that the major wear areas can 
be efficiently reground. This will also 
avoid weakening of the cutter body 
when regrinding the teeth repeatedly, 
since the grinding wheel touches only 
the teeth. 

Work piece variations will affect the 
power requirements, and greater depth 
of cut or higher feed rates will increase 
the power demand proportionately. 
Tool wear will normally increase the 
power requirement—at times by as 
much as 100 per cent or more—causing 
machine failure. Tool breakage or dull- 
ing is another cause of machine down- 
time and for automatic assembly lines 
these items must be predictable and 
kept to a minimum. 


Down Time Limitation 


The success of any mechanized pro- 
duction line will depend upon the 
ability of engineers to control down 
time. There are two classifications: 
Predictable down-time, such as tool 
changes, machine cleaning and similar 
factors; and unpredictable down time, 
which generally results from machine 
breakdowns. Of the two, unpredict- 
able down time is the more serious 
since it usually results from bad ma- 
chine design. It includes the problems 
of chip removal, coolant systems, and 
control system malfunctions, to men- 
tion but a few. 

Chips must be carried away con- 
tinually and easily without interfering 
with the machine operation. Various 
means of chip removal are available 
such as chain-type conveyors, leaf-type 
conveyors, or troughs in which coolants 
are used to flush the chips out of the 
machine. Because of chips, machine 
raceways should be of a heat-treated 
steel or of a nonmetallic material to 
prevent marring. 

For efficient operation, coolants and 
lubricants must be delivered to the 
machine automatically. The coolant is 
used to control chip buildup, tool 
breakage and heating. Lubrication is 
especially needed at the spindle heads 
where gear trains, bearings and spindles 
are mounted to assure operation at full 
horsepower with a minimum of deflec- 
tion and vibration. Any decrease or 
stoppage in the flow of either can 
seriously affect machine operation and, 
more important, assembly line produc- 
tion. 

Seals are necessary to prohibit dust 
from entering the system and to con- 
trol oil leakage. Because of the con- 
tinuous operation, an oil filter should 
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Fig. 4—Parts enter work table in correct position from 
gravity chute. Solenoid-operated air valve, cylinder and 
ram positions and clamps one piece under spindle and an 
overrunning dog positions finished part under checking 
mandrel. End piece is in position for machining in the 


next machine cycle. 
Micromatie Hone Corporation 


be included in the system to collect 
dirt, chips or other contaminants from 
entering the system. 

The major control problem is valve 
and system leakage of hydraulic fluid. 
One method being used to control leak- 
age is to eliminate, wherever possible, 
threaded pipe fittings by substituting 
manifolds that can be "O" ring sealed. 
Dry seal pipe threads have been used 
to reduce the leak problem, but they 
leave much to be desired. Work is 
being done on pipe threads using dis- 
similar male and female taper, and the 
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Fig. 5—After checking, the gage signal activates a solenoid 
which moves the segregation arm to accept or reject the 
part. The gage may be set up to signal any set of conditions 
that may be required and thus segregate the parts accord- 
ing to minimum, maximum, reject, oversize or undersize 
tolerance conditions. 
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experimental work looks promising. 
By using steel tubing, modern tube 
fitings and a leaf-proof thread, ob- 
jectionable leaks may be controlled. 
Many technical improvements are 
solving other problems. Gasket- 
mounted control valves and cartridge- | 
type pumps have helped considerably. 
Micronic oil filters with pressure gages 
to indicate the condition of filtering 
elements help guard the oil supply 
and insure trouble free performance. 
Also, hydraulic cylinders with self- 
regulating tamper-proof seals that are 
wear compensating and precision engi- 
neered are giving efficient service. 


| 
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Fig. 6—Curve showing the relationship between machining time and cost in a 
transfer type machine tool. “A” is the economical range with the low point of 
the curve representing the minimum cost. “B” is the region of increased cost 
because of cutting speeds that are too high causing frequent cutter breakdown 
and changes. “C” is an uneconomical region of slow cutting speeds which in- 
creases machining time, 


—Koarney snd Trecker Corp 
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Electrical controls are of no less 
concern. The major problem is to 
protect the controls from dirt, mechan- 
ical injury and oil leaks. The increase 
in the number of limit switches, re- 
lays, and solenoid valves made neces- 
sary by grouping simultaneous machine 
operations, has increased these prob- 
lems, especially the problem of me- 
chanical failures. 


Grouping of hydraulic and electrical 
controls on consoles are helping and 
will reduce the problem of mechanical 
damage. Many times these controls are 
unintentionally hit or otherwise dam- 
aged by operators and material han- 
dling equipment. Much thought and 
development is being directed towards 
the replacement of electrical items 
with electronic eyes, vacuum or thyra- 
tron tubes, transistors and other elec- 
tronic devices. 

Machine wiring for automatic equip- 
ment varies from 50,000 to 500,000 
feet per unit, thus making conduit loca- 
tion a major factor. Wiring over 
machines can hinder the accessibility 
to various components. Running 
conduit around the machine makes it 
susceptible to damage from operator 
carelessness, material handling equip- 


ment and coolants. Raceways, within 
a machine, make the wiring inaccessi- 
ble, and again coolant leakage is a 
problem. Normally, all three wiring 
methods are used, keeping in mind 
the various problems. 

Other factors affect machine down- 
time, such as mechanical trip adjust- 
ments, and system maintenance, but 
these are considered secondary to the 
ones discussed. 


Future of Automatic Machinery 


Early attempts at automatic control 
was done by the tool user. It required 
a lot of "on-the-job" engineering, 
cutting and fitting to arrive at the auto- 
mated forge line shown in Fig. 7 and 
similar mechanized line. 

The trend now is to consider auto- 
matic control as part of the machine 
tool The future trend of the machine 
tool builders towards automatic equip- 
ment is: 

l. Machine units will tend to be- 
come smaller and be connected by con- 
veyors and automatic controls. 

2. Means will be provided for stock 
piling between machine units or de- 
touring parts through parallel machine 
units to reduce production delays 
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Paper concerns itself with the reliability 
of machine components as related to auto- 
matic production. In many instances these 
10 or 20 dollar components are respon- 
sible for losses in the thousands. Often, the 
malfunction is caused by the misapplication 
of the component; for example, electrical 


switches or hydraulic valves that were ac- 
tually designed for aircraft and a life ex- 
pectancy of 100,000 cycles were applied to 
a machine tool that cycled 500,000 times a 
month. Other factors such as drive device 
to use, clutching method, and whether hy- 
draulic, electrical or mechanical systems 
should be used for many of the devices. 


Common Sense Automation, by W. B. 
Shimer, Master Mechanic, DeSoto Div., 
Detroit, Mich. Presented at the 18th West- 
inghouse Machine Tool Forum. 

Paper considers the problems encount 


3. More safety controls will be 
used. 

4. Machine operators will be patrol 
men. Instead of moving parts from 
one machine to another, they will 
patrol the production line watching for 
signs of impending trouble. These 
men must be more capable than the 
old style machine operator. 

5. Maintenance will probably not be 
greatly increased. | 

6. Inspection will be a serious prob- 
lem. Automatic inspection will be 
used for the following: Depth of holes, 
size of holes, location of holes, oil leaks. 
It appears reasonable that gages can be 
operated automatically. Gages are now 
available that will indicate good or bad 
parts; also, they will indicate parts 
that are approaching the “no-go” 
tolerance. 

7. Machines will automatically eject 
defective parts. 

8. Machines will be lubricated auto- 
matically. 

Perhaps the most eminent single 
item that may affect future designs 
will be the increased use of electronic 
computers, digital converters and feed- 
back systems to the controls of auto- 
matic equipment machines. 


ered and the use of unitized machine units 
to machine DeSoto V-8 cylinder blocks, 
cylinder heads and other engine compo- 
nents and assemblies. Discussed are the 
steps taken in the various operations, in- 
spection methods, tool changes and conveyor 
methods. Also mentioned is labor cost and 
some advantages as reported by DeSoto. 


Designing Dependability and Safety into 
Transfer Machines, by Judson H. Mansfield, 
Engineering Consultant, Greenlee Brothers 
and Co., Rockford, Ill. Presented at the An- 
nual Meeting of the ASME. 

This paper presents the possibilities in- 
herent in the automatic handling and ma- 
chining of parts. Examples of modern pro- 
duction transfer machines and their operat- 
ing features are described. Factors that will 
contribute to machine dependability and 
safety are detailed. Other salient points 
discussed are fixtures, tool holders, spindles 
and heads, head drive and feed units, chip 
removal and controls. 


Automation, b; N. Conrad, Supt. of Gen- 
eral Maintenance, Cleveland Engine Plant 
#1, Ford Motor Co. Presented at the Ma- 
chine Tool Conference of the AIEE. 

Of major interest and importance in 
this paper is the discussion on productive 
maintenance and the power and free con- 
veyor systems. The system consists of a 
group of conveyors electrically interlocked. 
To transfer from one system to another, 
the part carrier disengages from a power 
dog and, on gravity, rolls to a pick up 
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‘ig. 7—Continuous forging operation. Automatic processes take steel beams from the storage yard, cut them into billets, 


preheat and deliver them, at the 
ing are also automatic. 


power dog of the next conveyor. The sys- 
tem has about 300 track switches that 
determine carrier flow. System is controlled 
by 2,500 limit switches and 2,000 control 
relays. Productive maintenance divides the 
plant into five areas, each area having a 
man responsible for all maintenance over 
a 24 hr period. Foreman and workers are 
assigned to a specific area to maintain ma- 
chinery and equipment at top efficiency. 
Also, IBM recording is maintained on all 
equipment, thus highlighting recurring 
weaknesses of machines or equipment, cost 
of operating equipment by single unit or 
department and other factors. 


Automatic Presses, by T. W. Bannon, Chief 
Engineer; Clearing Machine Corp., Chicago, 
Ill. Presented at the 18th Westinghouse 
Machine Tool Forum. 

A brief history of the evolution to fully 
automatic presses is given, followed by 
examples of new presses recently completed 
or soon to be completed. For instance, 
Clearing Machine Corp., recently com- 
pleted an hydraulic press for the produc- 
tion of cartridge cases. The long stroke 
necessitates a slow return. To reduce lost 
time, the press is designed to produce at 
both ends of the stroke. Many other auto- 
matic features are incorporated in an at- 
temipt to stay abreast or ahead of automa- 
tion demands. 


Responsibilities of Machine Tool Builders 
in Automation, by G. P. Krieg, Master Me- 
chanic, Packard Motor Car Co., Detroit, 
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Mich. Presented at the 18th Westinghouse 
Machine Tool Forum. 

According to this paper, the responsibil- 
ity of the machine tool builder is to pro- 
vide the basic mechanism for loading, posi- 
tioning, and unloading the parts; automatic 
gaging, where required, and a method of 
control that will automatically signal and 
shut down the operation when out of 
tolerance. Also, machine tool builders 
should work together to provide a group of 
machines designed and built to hook up at 
their respective stations as a complete unit. 


Automation—Key to tbe Future, by D. S. 
Harder, Vice  President-—Manufacturing, 
Ford Motor Co., Dearborn, Mich. Address 
presented before the Quad-City Conference 
on Automation, Davenport, Iowa. 

Address is a review of the progress of 
automation but covering many of the im- 
portant considerations as to where and 
when automation can be used. Some typi- 
cal sections are: Where may automation be 
used; when may it be used; its effect on 
production; problems of control, mainte- 
nance, economics; and the future of auto- 
mation. 


Record Playback Control of a Hydro Skin 
Mill, by Harry E. Ankeney, Giddings & 
Lewis Machine Tool Co., and John L. 
Dutcher, General Electric Co. Presented at 
the 7th Annual AIEE Conference on Ma- 
chine Tools. 

This paper deals with the development 
and design of a skin milling machine con- 
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эгорег forging heat, to the presses. Cooling, heat-treating, cleaning and center drill- 


—Dodge Div., Chrysler Corp. 


trolled by magnetic tape. Discussed are the 
record playback control, control accuracy, 
making of a record, and other related topics 
under the major headings. Machines of this 
type were developed because of the need 
to machine aircraft skin section from solid 
sheets or slabs of aluminum. 


Automation and Its Requirements, by G. 
G. Murie, Ford Motor Co., Detroit, Mich. 
Presented at the SAE Golden Anniversary 
Annual Meeting. 

Paper brings out the developments in 
the application of automation as used in 
the automotive industry. It covers the re- 
quirements for automation, such as alert 
management, proper machine tools, preven- 
tive maintenance, tool control, safety and 
the reallocation of manpower. Each of these 
items is presented in general so that the 
reader will obtain an overall knowledge 
of the factors involved. It points out those 
problems that face the manufacturer using 
automation and traces the development of 
an automation program. 


The Economics of Automation, by W. C 
Newberg, President, Dodge Div., Chrysler 
Corp., Detroit, Mich. Presented at the SAE 
Golden Anniversary Annual Meeting. 
Paper discussed the automation of an 
automotive engine assembly line with em- 
phasis on the type of automatic machinery 
and the method of part transfer. This is 
discussed in terms of overall economy as 
to the cost of machinery, manpower, pro- 


duction and scrap. 
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located within QOO05 of true position 


Г 0625-0635 Оіо 8 holes equolly spaced & 
| 


Fig. 1—True position of each hole is determined 
from the basic bolt hole diameter and the basic 
angular relationship established by the drawing note. 
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X XXX Dia 14 holes located within -— 
XXX of true position ——— 


Fig. 2—True position of each hole is de- 
termined by the use of basic rectangular 
coordinate dimensions as indicated. 


Drawing Notes Proposed to 


The joint aeronautical and automotive drafting committee of the 


SAE are proposing drawing changes that will relate geometric 


and positional tolerance to size tolerances. Interpretation of toler- 


ances will be easier for manufacturing and inspection departments 


and uniformity of engineering information will exist among Great 
Britain, Canada and the United States. 


P. G. BELITSOS 
General Electric Company 


ONE MAJOR PROBLEM affecting inter- 
changeability is part tolerancing or the 
relating of the geometric or positional 
tolerances to size tolerances. A geo- 
metric tolerance is the permissible vari- 
ation in specified form of the individual 
features of a part. For example, its 
straightness. A positional tolerance is 
the permissible variation in the speci- 
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fied location of features of a part from 
each other and/or from a common 
datum. For example, bolt hole spacing 
on a circular part. 

Britain recognized this problem in 
considering interchangeability and 
added notes to engineering drawings 
relating the geometric and positional 
tolerances to size tolerance. American 
committees of the SAE and the ASA 
are considering similar types of notes 
for two reasons: (1) Because of the 


number of sub-contractors manufac- 
turing component parts of assemblies 
that must be interchangeable; and (2) 
for uniformity of engineering drawing 
information among Britain, Canada 
and the United States—similar to the 
Unified Screw Thread Series used 
among these countries. 


True Position System of 
Dimensioning 

To determine the American posi- 
tion the SAE committee decided to 
analyze existing American practices 
and then modify them to incorporate 
the latest methods used in this coun- 
try and abroad. The true position 
system of dimensioning groups of 
cylindrical features is one of the meth- 
ods selected for study by the SAE 
committee. 

In this system, the theoretically true 
location of each cylindrical feature, 
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Hole position may vory as shown but its center 
must be within tolerance zone when hole is af mox 


\ moterial limit (min id) 


- True position 


& 0005 Р [0010 Dia) Tolerance zone when 
the specified true position tolerance is OOO05 


Fig. 3—Cylindrical tolerance zone defines the area 
of permissible variation for hole center location as 
well as variation in squareness of hole axis. 


c Hole position may vary as shown but all points on its 
surface must be on, or outside of, cylinder A 


— True position 


“Cylinder A (min dia of 
hole minus 2x frue 
position tolerance } 


Fig.4 


Fig. 4—SAE committee proposed interpre- 
tation of true position dimensioning. Hole 
position may vary within limits specified. 


Assure Interchangeable Parts 


such as a hole, is defined by a basic 
untoleranced dimension in any form 
of dimensioning—angular, rectangular 
or others. A dimension specified as 
basic is defined as a theoretical value 
that describes the exact size, shape or 
location of a feature. It is the basis 
from which permissible variations may 
be assigned. For instance, Figs. 1 and 2, 
illustrate angular and rectangular di- 
mensioning where the location of 
groups of holes is defined by basic 
dimensions. 

Where a block of general tolerances 
are given on a drawing the word basic 
may be applied to each locating dimen- 
sion as applicable; or a general note 
can be added to the drawing that states: 
Dimensions Locating True Position 
Are Basic. This establishes the theo- 
retically exact position for each hole. 
Then in the drawing note which 
specifies the number and size of holes, 
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the phrase Within X.XXX of True 
Position, is used. 

In terms of the axis of the hole, this 
means that the axis at all sections along 
its length must fall within a cylindrical 
tolerance zone the radius of which is 
equal to the true position tolerance and 
with the center located at the true posi- 
tion, as shown in Fig. 3. This toler- 
ance zone also defines the limits within 
which variations in the squareness of 
the axis of the hole must be con- 
fined with respect to the surface. 

Since the hole has a size tolerance 
that provides a high and low limit, it is 
necessary to clearly define on the draw- 
ing the condition of size to which the 
positional tolerance is applicable. 

In the aeronautical industry, where 
the true position system is widely 
used, it has been understood or im- 
plied—but never stated—that the 
specified tolerances applied only to 
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the maximum material condition 
(MMC). This is based on the fact that 
the least favorable condition of as- 
sembly occurs when the mating fea- 
tures are at their maximum material 
condition of size and the maximum 
variations permitted by the positional 
tolerance are present. 

If this condition of assembly is con- 
trolled, the additional tolerance avail- 
able as the mating parts approach mini- 
mum metal size will result in parts with 
the largest acceptable assembly clear- 
ances—but still interchangeable. 

As this information is only implied 
with present drawing notes the joint 
SAE committee proposes to specifically 
establish this condition by using the 
following general note on drawings 
when required: True Position Toler- 
ances Specified Are for Maximum Ma- 
terial Condition Only Unless Otherwise 
Specified. Holes, other than at the 
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~ 6 Slots equally spaced & located 
within QOJ of true position 
Q9994-1000 Dia thru both sides 
6 holes equolly spaced & located 
\ within XXXXX of true position 
\ “e9ardiess of hole size) in relation 
vo dio B 


Fig. 


5—Planetary pinion cage where each 


hole location has to be held within the specified 
positional tolerance regardless of hole size. 


Fig. 6—Application of the true position dimen- 
sioning system to non-cylindrical features, such 
as slots, tabs, dovetails and others. 


MMC, are permitted an additional 
positional tolerance. 

Also, the committee has interpreted 
true positional tolerance, Fig. 4, to 
mean that in terms of the cylindrical 
surface of a feature, such as a hole, all 
points on the hole surface shall be on, 
or outside of a cylinder that has a 
diameter equal to the minimum diam- 
eter of the hole minus twice the true 
position tolerance, with the center of 
the cylinder located at the true position. 


Controi of Position at Any 
Condition of Size 

Functional requirements of some de- 
signs demand that certain features be 
held to a uniform positional tolerance 
regardless of whether the features are 
or are not at the MMC limit. For 
instance, in the planetary pinion cage, 
shown in Fig. 5, the six shaft holes may 
vary in size from 0.9994 to 1.0000 in. 
dia. To minimize the spacing errors of 
the pinions in the cage, each hole 
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location should be maintained strictly 
within the specified positional toler- 
ance regardless of the size of the hole. 
Thus, a hole at MMC (0.9994 dia) 
should be as accurately located as a 
hole at minimum material condition 
(1.0000 dia). 

When this restricted positional con- 
trol is required, the proposed SAE 
Standard states that the phrase Regard- 
less of Hole Size be added to the true 
position note. Inspection, therefore, 
must be based on a method that will 
locate the actual center of each hole. 


Application to Non-Cylindrical 
Features 


In addition to the application of true 
dimensioning to groups of cylindrical 
features such as holes, bosses, and 
others, the principles are equally appli- 
cable to groups of non-cylindrical fea- 
tures, Fig. 6, such as slots, tabs, dove- 
tails and serrations. 

Differences are in the geometry of 


v & slots equally spaced & located 
V within 2020 


the tolerance zone. For example, in 
terms of the axis of the slot, the note 
“Located Within X.XXX of True 
Position" means that the axis of the 
slot that is at MMC (slot of minimum 
width) must fall within a rectangular 
tolerance zone that is symmetrically 
disposed with respect to the true geo- 
metrical position of the axis by the 
amount of the true position tolerance. 
The total width of the tolerance zone, 
Fig. 7, is twice the true position toler- 
ance. 

An interpretation of true position 
dimensioning to non-cylindrical fea- 
tures such as for slots, has also been 
proposed, Fig. 8. This states that in 
terms of the positioning surfaces of 
the slot, all points of these surfaces 
shall be on, or outside, of a positional 
zone where the sides are parallel to 
the true position centerline and are 
spaced apart—an amount equal to the 
minimum width of the slot minus 
twice the true position tolerance. 
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-— — — — — True position of € 
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Width of tolerance zone 
~ (2X positional tolerance) 


AT True center of port 


« True position of slof axis 





True Position in Relation 
to Datum Surfaces 


There are many designs for inter- 
changeable assemblies that require 
parts that have groups of cylindrical or 
non-cylindrical features that must be 
located in relation to an integral datum 
One such assembly is the pilot shown 
in Fig. 9. In these instances, the true 
position tolerance applies to the hole- 
to-hole relationship and also to the 
pilot-to-hole relationship. The true 
position tolerance specified must be 
maintained to the values specified only 
if both the pilot and the hole are at the 
maximum material condition. Any hole 
not at the maximum material condition 
is allowed an increase of positional 
tolerance. Furthermore, if the pilot is 
not at the maximum material condi- 
tion, a further increase of positional 
tolerance is permissible for all the holes 
in relation to the pilot, but not in 
relation to each of the other holes. 
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Position zone minimum width of 
slot minus twice position tolerance 


—XXXX ,—XXXX-X XXX Dia 5 holes located 
," within X XXX of true position in 
Xx. XXX, relation to dia A 
Dia A aa S 
XXXX Ч 


X. XXX 


Fig. 7—Rectangular tolerance zone for the true 
position of the centerline of the slot is two times the 
width of the true tolerance position. 


Fig. 8—Interpretation of SAE committee for non- 
cylindrical parts. All points on the slot surfaces have 
to be on or outside of the positional zone. 


Fig. 9—Application of true position tolerancing to 
a part with features that must be located in relation 
to an integral datum such as a pilot. 
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BACKGROUND INFORMATION 


THE STANDARDIZATION OF ENGINEERING DRAWING PRACTICE among the 
United States, Britain and Canada has been under consideration for several 
years. It is believed that such standards could reduce the loss of valuable time 
and money that is required to translate the drawings made in one country into 
the practices used by another. 

One proposal made by England is receiving additional study by various in 
dustries. It introduces many new concepts in the field of positional and geometric 
tolerancing. The American Standards Association, in a meeting of its Sectional 
Committee Y14 on Drawings and Drafting Room Practice requested the study. 
Each of the groups, including the aeronautical and automotive industries care 
fully reviewed this standard (B5308) established by the British Standards In 
stitution. 

The drafting representatives of the SAE aeronautical and automotive groups 
subsequently decided that much could be accomplished in the way of establish- 
ing a basis for American drafting practice if they could agree on a common draft 
ing standard on dimensioning and tolerancing, with particular emphasis on geo 
metric and positional tolerancing. A joint SAE Drafting Committee was formed 
and their proposals are included in the accompanying article. 

The work of this committee is gaining wide recognition in the aeronautical 
and automotive industries. The ASA has also recognized this work to the extent 
that it is being considered for use as the basis for the dimensioning section of its 
forthcoming national drafting standard. 
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Fig. 1—Four common sine functions that appear 
as straight lines when plotted on linear sine paper. 
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y*sin y' 
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Fig. 2—Plot on sine paper of an important func- 
tion encountered in frequency and phase modu- 
lation theory and many branches of engineering. 


Linear Sine Paper for Engineering 


M. DAVID PRINCE 


Georgia Institute of Technology 


MANY ENGINEERING EQUATIONS that include sine or co- 
sine functions require tedious point-by-point plotting to 
represent in graph form on standard linear graph paper. 
Such curves, however, can be plotted quicker and with 
less work in a simpler form on linear sine paper. Specific- 
ally designed for use with sines and cosines, this coordinate 
paper calls for a technique somewhat similar to that em- 
ployed with logarithmic, hyperbolic, and arc-tangent paper. 
The characteristic layout of linear sine paper is shown 
in Fig. 1. The y’-scale on the left denotes radians and is 
linear. The y-scale on the right denotes values of the sine 
and is non-linear. The region between y equal to —1 and 
y equal to -+1 is repeated periodically. The vertical scales 
for y and 5' have the relation 
y = sin y’ (1) 
Four sine functions are plotted in Fig. 1 on linear sine 
paper. It can be seen that their graphs are straight lines; 
and that the slope of each line is the coefficient of x in the 
equations of the respective functions. 
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With linear sine paper, the graph of any function having 

an equation of the general form 

у = віп (тх + 0) (2) 
in which x is the independent variable and the terms m 
and @ are given constants, is plotted from this relation 
expressed as 

у’ = тг + 6 (3) 

as a straight line, having the slope m, passing through the 
point @ оп е у -ахіз. 

Since both y and 5' are related on sine paper, a curve 
may be plotted using either variable, the choice depending 
upon which permits the simpler presentation. 

For example, when the value of y is known for two 
values of the variable x with a sine wave of unity amplitude 
expressed as in Eq (2), the value of m and 6 can be de- 
termined for each solution from an extended straight line 
drawn through points (x,, y,) and (x, y,) using the x 
and y coordinates. 

Note that any cosine function can be written in the sine 
form by use of the identity, thus 

y = cos (mz + 0) = sin [mz + 0 + (/2)] (4) 
y'= mz + 0 + (7/2) (5) 
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Fig. 3—Plot on linear coordinate paper of the 
same function plotted in Fig. 2. Note the difference 
in legibility when plotted on linear sine paper. 


Applications 


such identities can be plotted on sine paper by the fore- 
going procedure. In Table I are given several other common 
functions that can be readily plotted on such paper. 


CURVE PLOTTING 


Sine paper is useful for plotting curves of functions that 
are simplified by the “sine substitution.” As an example, 
consider the equation 

y = sin (a cos z) (6) 
which is an important function encountered in frequency 
and phase modulation theory and other branches of engi- 
neering. 

The quantity y in Eq (6) can be evaluated by combining 
Eqs (1) and (6) to obtain 

y’ = a cost = asin (z + x/2) (7) 
which represents a sine wave with amplitude œ on sine 
paper. Curves are shown in Fig. 2 for Eq (7) for « 
having values of 7/2, 37/4, and r, respectively. 

Curves for Eq (6) are shown in Fig. 3 plotted on 
standard linear coordinate paper for the same three values 
of amplitude. 

A comparison of Figs. 2 and 5 shows how much simpler 
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Table I—Some Engineering Functions That are 
Readily Plotted on Sine Paper 


Resulting Form on 
Sine Paper 
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mx + @ 

(m * n) x 

a COS x 

a sin x 

(r/2) -- a cos x 
(r/2) + a sin x 
sin [(y’ — т/2)/п] 
cos [(y' — x/2)/n] 
sin (y'/n) 

cos (y'/n) 


sin (mx + 0) 
sin (m -* n) x 
sin (a cos x) 
sin («a sin x) 
COS (a COS x) 
cos (a sin x) 
cos (n arcsin x) 
cos (n arccos x) 
sin (n arcsin x) 
sin (n arccos x) 
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*'This function is Tschebyscheff polynomial of order n. 


the curves are when plotted by the "sine substitution." For 
example, from Fig. 2 it is immediately evident that for « 
equal to 37/4 that y reaches its maximum value of unity 
at x equal to 48 deg (calculated as 48.2 deg) and dips 
to its minimum value of 0.71 (calculated as 0.707) at x 
equal to 0. 

The most striking difference, however, is the ease 
of drawing the curves on sine paper as sine curves 
rather than point-by-point calculation and plotting on 
linear paper. Also, the effect of varying < seems much 
clearer on sine paper than on linear. 

Another useful presentation of Eq (7) is obtained by 
regarding « as the independent variable and x as the 
parameter. Using « rather than x for the horizontal scale, 
Eq (7) is plotted by drawing a straight line passing 
through the point 

r20,y'-20 
and having a slope of cos x. Then for any x and « the 
corresponding values of y can be found by use of a straight- 
edge without the necessity for any interpolation 


SOLUTION OF EQUATIONS 


Linear sine paper is particularly adapted to the solutions 
of equations that contain several parameters. An important 
class of such engineering design problems is represented 
by the expression 

sin (mz + @) = F (2) (8) 
where x is the unknown; m and @ are parameters; and 
F(x) is an exponential, polynomial, or some other func- 
tion of x alone. 

The complete solution to any equation of this type is 
readily displayed for various values of m and 0 by separa- 
tion into the two component equations 

у. = F(z) (9) 
апа 
y2 = sin (mz + 0) (10) 

First, Eq(9) is plotted point-by-point using x and y 
coordinates in each of the periodic regions on sine paper. 
Then, for any specified value of m and 0, the values ob- 
tained from Eq (10) are plotted using x and 5 coordinates 
as the straight line 

y' = mz + 0 (11) 

Each intersection between this line and any of the 
branches that are associated with Eq (9) designates a value 
of x that satisfies the original equation 
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Fig. 1—An IBM big computer. This electronic data processing machine is designed especially for 
engineering use. Its storage is by way of magnetic tape and drums, and electrostatic tubes. 


Mechanical and Electronic Computers 


ASCHER OPLER 


Research Department, 
Western Division, 
The Dow Chemical Company 


MANY COMPANIES, if they have not 
yet done so, must answer before long 
the question whether or not its engi- 
neering costs could be reduced through 
the use of modern computing ma- 
chines. To arrive at a decision, some 
estimate must be made of the type and 
quantity of computing work that is 
necessary, what further computing 
work is desirable, and how many man 
hours would be saved per dollar in- 
vested in personnel and computing ma- 
chines needed for the satisfactory per- 
formance of such work. 

Whether computing equipment 
should be purchased or rented, or 
whether the work of computing should 
be farmed out depends upon the num- 
ber of problems to be calculated. 

Many organizations that own or 
rent computing machines undertake 
calculations for a client on a contract 
basis. Table I lists some organiza- 


tions that perform such services. The 
manufacturers of the computing ma- 
chines often establish computing sec- 
tions to take problems pn contract. 
In addition, a number of universities 
and research institutes handle certain 
computational problems on a consult- 
ing basis. 

The cost of "instructing" and run- 
ning a computing installation includes 
the cost of: Acquiring and maintaining 
the equipment; and of staffing the 
installation. 

Small computers for engineering 
departmental use may be purchased 
outright or they may be rented from 
their manufacturer. Because of the 
large capital allocation required for 
purchase and the rapid obsolescence of 
the equipment, the rental plan is the 
more popular for punched-card ma- 
chines. 

The rental price of typical punched- 
card computing machines runs from 
$300 to more than $2,000 per month 
depending on speed, storage capacity, 
and flexibility. In using punched- 
card computers, several auxiliary ma- 


chines are required. Additional rental 
for these, ranges from $500 to $1,000 
per month. In addition, there is over- 
head expense for supplies and files. 

Terms of rental contracts for 
punched-card machines include: Right 
to discontinue or replace a machine 
that becomes obsolete, and provisions 
for servicing and maintaining the ma- 
chines by manufacturer's representa- 
tives. Maintenance of purchased ma- 
chines can be had on an annual 
contract basis. 

In Table II a partial list is given 
of manufacturers of small and inter- 
mediate digital computing machines. 

Magnetic-drum machines are usually 
purchased. The price ranges between 
$60,000 and $140,000. 

Since nearly all accounting com- 
puters are of the punched-card type, 
engineers who share machines with 
accountants are restricted to this type 
of equipment. 

All analog computers thus far are 
more or less special purpose machines 
built for the solution of simultaneous 
equations, of ordinary differential equa- 
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Fig. 2—For many engineering prob- 
lems machines, such as this IBM in- 
termediate machine, with magnetic 
drum memory are often satisfactory. 


A GENERAL ENGINEERING 


in the Engineering Department 


tions, and of highly specific repetitive 
problems, and for finding the roots of 
polynomials. With these machines, 
the engineer can observe the effect of 
twisting knobs (variation of input 
parameters) on the ultimate solution. 

While analog devices have been pre- 
ferred for routine solutions of high 
order simultaneous linear equations, 
they are gradually being replaced by 
digital computers for this application. 

Most automatic digital computers 
are general purpose machines; these 
are suited for the solution of a variety 
of problems. The accurate results 
obtained with the digital method are 
not necessarily an advantage since 
many engineering calculations require 
only two to three digit accuracy. 

The comparatively inexpensive all- 
electronic differential analyzers are 
highly efficient for solving one or 
more differential equations. They can 
handle a limited number of non- 
linearities and empirical functions. 
Solutions are frequently programmed 
faster and simpler. 

Measured by the number of “words” 


(commands or single numbers of fixed 
length) that its “memory” can store, 
the storage capacity ranges from 12 
on a punched-card relay machine to 
about 4,000 on a magnetic-drum com- 
puter. A machine with a large mem- 
ory facilitates the handling of complex 
problems. Punched-card techniques, 
however, are available that obviate the 
use of large storage units. 

The rate of feeding punched cards 
in and out of machines is slower than 
2% cards per second. Usually опе 
operation or short sequence is per- 
formed as each card passes through 
the machine. The speed of magnetic- 
drum machines is usually limited by the 
time required to deliver a word from 
storage to the arithmetical part of the 
machine; their average speed is 20 to 
40 calculations per second. This speed 
is about 10 times that of the fastest 
electronic punched-card computing 
machine, and probably 1,000 times 
that of the slowest mechanical 
punched-card calculating machines. 

Magnetic-drum computers are being 
equipped now with option punched- 
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card input and output, and several new 
moderate-speed computers feature 
punched-card input and output. 

Two reasons why punched cards 
will continue to be used are: Their 
separability; and their simplicity for 
actuating printing devices. Separabil- 
ity refers to the ease with which a 
deck of punched cards can be rear- 
ranged in sequence, one or more cards 
removed or added, or a correction made 
on a single card and then restored to 
its place in the deck. A read-out de- 
vice featuring paper tape or magnetic 
tape is generally limited to reading one 
spot on the tape at a time, and the 
information translated to numbers or 
letters. 

With punched-card output, the 80 
or 90 columns on the card can be 
printed simultaneously with tabulating 
machines. As an example, the IBM 
407 prints in ink on paper at the rate 
of 300 characters a second, and can 
make as many as five carbon copies. 

The tape proponents, however, point 
out that a computer can be pro- 
grammed to receive a small group of 
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corrections or additions to a sequence 
of instructions on tape; and to have 
the computer revise the main tape, 
adding the mew instructions. and 
making necessary corrections and 
deletions. 

Large masses of information are 
readily sorted by punched-card ma- 
chines. For performing the equivalent 
operation on a magnetic-drum com- 
puter, several procedures are available 
for rearranging several thousand pieces 
of randomly scattered information. 
Conversion from serial number to 
some different arrangement, however, 
is a complex and lengthy procedure. 

In the new intermediate machines, 
the magnetic drum memory is excep- 
tionally useful; also, the number and 
variety of programs possible permit 
the calculation of a wide range of 
problems. For many engineering 
problems, these machines should be 
satisfactory. 

The chief drawbacks of the inter- 
mediate machines are the slow speed 
of input and output; and in very long 
problems, the computation speed and 
the access time to the magnetic mem- 
ory. Since the information in a mag- 
netized spot on the drum may be read 
out only when it passes the reading 


head, the maximum access time is ap- 
proximately the time for one revolution 
of the drum. The mean access time 
for random storage is one-half of this 


time, Fig. 3. Considerable time can 
be saved, however, by using minimum- 
access coding. This requires a little 
more skill in planning the storage 
location of the various factors in the 
calculation. 

The big machines differ from the 
small punched-card machines and the 
intermediate magnetic-drum machines 
primarily in speed and capacity. The 
basic speed (the time to perform an 
addition, subtraction, multiplication, 
or division) is usually about 100 times 
faster than that of the magnetic-drum 
machines, and thousands of times 
faster than that of the punched-card 
machines. These large machines usually 
have a high-speed memory. These 
storage units can deliver their con- 
tents to the computer in a micro- 
second, rather than milliseconds. 

The big machines are particularly 
useful for the rapid solution of par- 
tial differential equations and high 
order matrices. The cost of a big 
machine, however, is close to a million 
dollars. Judged by the charges for 
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Fig. 3 Above—Comparison 
of times to perform addi- 
tion, storage access, and 
print-out operations by the 
different types of computers. 


Fig. 4 Right—Sequence of 
steps required in formu- 
lating and solving a problem 
with a computing machine. 


such machines on a service basis, the 
hourly rental rate is about $300, but 
the cost per calculation is low. To 
utilize such a machine effectively, an 
engineering department must have 
either a continual series of problems 
of enormous magnitude to keep the 
machine busy or have a large variety 
of small problems and a small platoon 
of coders, programmers, and mathema- 
ticians. 

There are three general methods of 
programming the smaller machines: 
Wire-program;  card-program; and 
stored-program. 

Wire-programming is used with the 
simplest machines; it is carried out by 
connecting wires, or "patch-cords" be- 
tween a number of terminals in a 
switchboard or control panel. The 
number of contacts frequently run into 
the thousands. 

Card-programming is rather a mis- 
nomer, since wire-programming is used 
to devise a control panel that is then 
modified by instructions punched on a 
card. As each card enters the ma- 
chine, the coded number operates 
relays that switch the wiring connec- 
tions to carry out the operation indi- 
cated by the code. A typical “three- 
address” code gives the storage location 


Tronslotes to 
mochine progrom 


Applies 
solution 


Checks 
solution 


of two factors A and B, then the in- 
struction to be performed, and finally 
the locaton C in which the machine is 
to place the result. As each card passes 
through the machine, each successive 
operation in a sequence is performed. 
There must be a one-to-one cofre- 
spondence between one card and one 
operational step. 

With a stored-program machine, the 
entire program is fed into the ma- 
chine. The individual instructions are 
stored in a memory unit, in exactly the 
same way that numbers are. When the 
“Start” button is pushed, the first in- 
struction is taken from storage unit 
No. 1, carried out, then the next is 
taken from storage unit No. 2, and so 
forth. The program has provisions for 
conditional skipping and repetition of 
indicated programs. Because of this 
“selective sequence” feature, loops of 
repeated programs can be established 
and thousands of operations carried out 
with only a few written commands. 

The translation of a problem to a 
suitable machine program requires a 
sequence of steps that varies slightly 
from problem to problem, Fig. 4, but 
generally the sequence is: 

1. Decide on the most suitable equa- 
tions to use for the particular problem 
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Table I—Partial List of Firms Offering Computing Service 


Electronics Division, National Cash Register Company, Haw- 
thorne, California. 
Eng. Res. Associates Division, Remington Rand, St. Paul, Minn. 
International Business Machines Corp., New York, N. Y. 
Mathematical Computing Service, Bayside, N. Y. 
Raytheon Manufacturing Co., Waltham, Mass. 
Remington Rand, Inc., New York, N. Y. 
Telecomputing Corp., Burbank, Calif. 


Table II—Partial List of Makers of Digital Computers 


Burroughs Corp., Philadelphia, Pa. 

Eckert-Mauchly Computer Division, Remington Rand, Inc., Phila- 
delphia, Pa. 

Electro-Data Corp., Pasadena, Calif. 

Electronic Computer Division, Underwood Corp., New York, N. Y. 

Electronics Division, National Cash Register Co. Hawthorne, 
Calif. 

Eng. Res. Associates Division, Remington Rand, St. Paul, Minn. 


Ferranti Electric, Inc., New York, N. Y. 

Hogan Laboratories, Inc., New York, N. Y. 
International Business Machines Corp., New York, N. Y. 
Jacobs Instrument Co., Bethesda, Md. 

Laboratory for Electronics, Inc., Boston, Mass. 
Logistics Research Corp., Redondo Beach, Calif. 
Marchant Research Corp., Emeryville, Calif. 

Monroe Calculating Machine Co., Orange, N. J. 
Remington Rand, Inc., New York, N. Y. 


and the ranges of the parameters to 
evaluate. Remember that no solution 
can be better than the assumptions in 
the equations and the approximations 
in the numerical parameters. 

2. Translate the equations into a 
sequence of simple steps so that calcu- 
lating requires only addition, subtrac- 
tion, multiplication, division, special 
functions, and logical instructions. 

3. Translate these steps into a series 
of ordered commands. 

4. Inspect the range of parameters 
to determine the largest and smallest 
numbers that will occur in the course 
of the calculation. Make provision 
that these numbers will not be lost 
because of either overflow (number 
too large for machine capacity) or be- 
cause the numbers become too small to 
be treated as significant. In this step, 
the digital error occurring in the final 
results should be estimated and this 
error discussed with the originator. 

5. Punch the program on cards or 
on perforated tape. 

6. Pass a trial run using a single 
hand-calculated result through the 
computing machine. Compare the re- 
sults of this trial run with the correct 
results. If agreement is reached, carry 
out the program. If disagreement 
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results, the source of error in the pro- 
gram must be corrected. 

7. After the computation is com- 
pleted, check to see that the results 
are mathematically equivalent to the 
desired solution. 

The operation of the machines re- 
quires only a modest amount of skill. 
Since operation consists primarily of 
loading tapes or cards into the ma- 
chines, operating various controls, and 
removing the results, the personnel 
can be trained in a short time. Per- 
haps the most important qualification 
for an operator is the ability to recog- 
nize various machine signals of faulty 
operation or incorrect results. 

The greatest need is for personnel 
qualified in programming. This is the 
process of translating the problems of 
a technical staff to a series of sequenced 
steps on the computing machine. 
Specific training in programming is 
usually given by the manufacturer of 
the machine. Manufacturer's manuals 
describing the technique of program. 
ming are exceptionally clear. 

Senior programmers must have a 
good mathematical background. A 
good programmer should understand 
the physical significance of the prob- 
lem. His is a translator's job, for he 
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must know two languages. One is 
mathematics and computational meth- 
ods, the other, the technical background 
of his employer's business. 

Using some of the simplified pro- 
gramming methods available, engineers 
can program their own problems di- 
rectly. Such self-service computing 
requires that the engineer formulate 
his problem mathematically and have 
a good understanding of the simplified 
coding method. Engineers with no 
machine experience have successfully 
coded problems after only two or three 
hours study of the method. 

Are “colossal” problems needed to 
justify the use of a computing ma- 
chine? Definitely not. Most work is 
done on comparatively modest prob- 
lems. Some examples are: Calculation 
of tables such as the weight capacity of 
cylindrical tanks of different radii and 
lengths when filled with fluids of 
different densities; statistical calcula- 
tions yielding the mean and standard 
deviation of a large number of produc- 
tion and research data; least squares 
fitting; solution of simple algebraic 
and transcendental equations; solution 
of small sets of simultaneous equa- 
tions; integrations; and other simple 
problems. 

Are there problems that can be 
solved only with computers? In the 
strict sense, the answer is no. Com- 
puting machines can only add, sub- 
tract, multiply, divide, and make log- 
ical decisions. All these operations 
can also be performed by men using 
desk computers and proper instruc- 
tions. Practically speaking, however, 
computing machines are employed for 
tasks that would probably never be 
given to human operators. These prcb- 
lems fall into several categories such 
as: Problems the solution of which 
are too time consuming to calculate 
by hand; problems that involve repe- 
titive calculation with extensive vari- 
ation of parameters; and problems 
associated with the simulation of a 
process with a mathematical model. 
These tedious types of calculation may 
involve many thousands of steps in 
hand calculation. 

Two classes of problems are too 
difficult for present-day machines. (1) 
Problems that appear to be impossible 
to break down into a sequence of logi- 
cal operations. (2) Problems that can 
be programmed in a sequence of logi- 
cal and arithmetical operations, but 
with requirements for storage and 
computing time that are too high. 
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Several methods—both practical and theoretical—for solving industrial problems by operations 


research. A linear programming solution is applied to a quantity, storage, distribution problem. 


OPERATIONS RESEARCH is simply the 
application of scientific research tech- 
niques to management, engineering 
and manufacturing problems. For in- 
stance, an expenditure problem can be 
set up in mathematical form—a set of 
equations—that show how a change in 
any one of the variables will affect the 
overall results. Thus, a comprehensive 
algebraic formula could relate storage 
costs, shipping time, production time, 
cost of loss of business if shipment can 
not be made immediately, product 
costs, gross margin, selling costs, turn- 
over rate, and others that would indi- 
cate the most profitable inventory 
policy for finished goods in a manufac- 
turing plant. 

Operations research is applied re- 
search in that it deals with measurable 
factors and produces specific answers 
to practical problems. Its purpose is 
to find a new way to clarify old prob- 
lems that previously were not subject 
to quantitative analysis. 

Mathematical approaches include 
tables of random numbers, Poisson dis- 
tribution, normal distribution and 
others. The probability theory, optimi- 
zation theory and variations of these 
are coming into use. These give the 
engineer additional methods of prob- 
lem solution. The selected approach is 
related to the type of problem and the 
number of variables that need to be 
considered. 


Practical Methods 


In addition to the tables mentioned, 
other useful tables are the t, F, Chi- 
square and binomial probability. The 
numerical calculations may be per- 
formed on anything from a slide rule 
or nomogram, through a desk calcu- 
lator to high speed digital computers. 

Table of Random Numbers. Random 
numbers have been used extensively in 
setting up statistical theories and in 
quality control applications relating 
to inspection problems. Recently, they 
have been applied to a study of the 
efficiency of equipment subject to small 
probabilities of failure. Also: random 
numbers may be used to illustrate 
theories which can help in the produc- 
tion of components. 

Table of Poisson Distribution. Again 
a method used for many years in sta- 


Als 


Operations Research: 
For Industrial Use 


LINEAR PROGRAMMING, Edward C. Varnum, Barber-Colman Co. 
PROCEEDINGS—Symposium on Operations Research in Business and Industry, 


tistical theory and quality control. 
Briefly, the distribution is concerned 
with the probabilities of occurrence of 
an exact number of events in a large 
population when the probability of 
this event happening to an individual 
is small. In industry such events occur, 
for example, in textile production. 
Many bobbins are involved on a single 
machine and the probability of yarn 
breakage for any particular bobbin 
is small. 

Table of Areas and Ordinates for 
the Normal Distribution. In dealing 
with populations which can be assumed 
to be distributed normally, many nu- 
merical problems can be solved easily. 
An example is a merit rating control 
chart designed for use in determining 
unusual shifts in rating. This is an 
excellent example of where operations 
research leaves the bounds of produc- 
tion and inspection and enters the 
field of general management. 


Theoretical Methods 


Beside the theories mentioned here, 
the mathematical model technique is 
often used. This is a method by which 
a problem solution is modeled upon a 
similar set of circumstances. Additional 
variables may enter into the new prob- 
lem but the basic method of solution 
can be followed. To some extent, the 
following theories all follow this 
mathematical technique. 

Probability Theory. Little need be 
said about probability theory since its 
considerations are basic in the older 
techniques of statistical control, sig- 
nificance tests and acceptance sampling. 
Some of the newer developments are 
the search theory, Monte Carlo methods 
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and the theory of games. Specific ex- 
amples of both the old and new tech- 
niques can be found in the literature; 
many of them mentioned at the end of 
this article. 

Optimization Theory. The simplest 
examples arise when a cost function 
can be expressed as a simple relation- 
ship to a single variable. This cost 
function is then differentiated with re- 
spect to the single variable. By setting 
the derivative equal to zero and solving 
for the value of the variable, the cost 
becomes optimum (minimum). 

The simpler aspects of optimization 
have been applied to the problem of 
economic lot sizes, machinery replace- 
ment, finding the optimum resistances 
in Wheatstone bridge circuits, mini- 
mizing moments of inertia of gear 
trains and deriving formulas for maxi- 
mum slope angles for various radial 
cam motions. Other uses for the theory 
are in the field of sales forecasting in 
which trend lines are fitted to sales and 
production data so that the errors are 
minimized. The theory of least squares, 
an optimization technique, is also use- 
ful as a tool for sales and market 
analysts. 


Linear Programming 


This is a more complicated version 
of the optimization theory. However, 
its versatility and relative simplicity— 
compared to many of the other pro- 
cedures—of application makes it appli- 
cable to a variety of problems and to 
companies of any size. 

The method is used for solving prob- 
lems involving many inter-dependent 
variables by maximizing or minimizing 
an outcome. The technique can be 
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visualized їп 
follows: 

The m variables define an n-dimen- 
sional space; a point of this space cor- 
responds to a solution. Each limitation 
on the range of the variables corre- 
sponds to a hyperplane in this space, 
restricting the allowed solution points 
to one side of the hyperplane. By the 
cime all restrictions are specified ( nega- 
tive production not allowed, maximum 
limits on storage capacity, limits of 
production, etc.), the entire region of 
possible solutions by hypersurfaces has 
been surrounded. There are two lim- 
iting hyperplanes: one corresponding 
to the largest value of the function 
and one corresponding to the smallest 
value. The outermost limit is the 
optimum solution if the function is to 
be maximized; the innermost point is 
optimum if the function is to be mini- 
mized. 

For instance, the following example 
shows the basic steps in the solution 
of a simple transportation problem. 
Numbers are simplified and some of 
the more complicated details are 
omitted to emphasize the fundamental 
numerical processes. 

Assume that three factories A, B and 
C produce 10 tons, 40 tons and 50 
tons, respectively. This material is to 
be shipped to warehouses I, II, апа Ш 
so that these warehouses receive 20 
tons, 20 tons and 60 tons, respectively. 
The freight rate from A to I is $2.00 
per ton, from A to II is $1.00 per ton 
and from A to III is $3.00 per ton. 
Factory B can ship to I, II, and III, for 
$4.00, $3.00, and $2.00 per ton, re- 
spectively, while C’s respective freight 
costs are $5.00, $2.00, and $4.00. The 
above information can be exhibited as 
shown in Table I: 


geometrical terms as 


TABLE I 


Warehouses 


ш | 


Factories | 


3 
2 
4 


Receipts | 20 | 100 

For a given matrix which shows 
freight costs along with tonnages for 
each factory and warehouse, the prob- 
lem consists in scheduling the shipping 
so that the total freight bill will be 
the cheapest. 
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The first step is to make a schedule 
in an obvious way; that is, start with 
factory A and use up all its production 
starting with warehouse I; then use 
up B’s production, and then C’s by 
working to the right and downward 
in the Table. This easy schedule is 
shown in Table II. 


TABLE II 





By comparison of Tables I and Il 
freight charges will cost $340.00 as 
there are 10 tons at $2.00, 10 tons at 
$4.00, 20 tons at $3.00, 10 tons at 
$2.00 and 50 tons at $4.00. The prob- 
lem consists of reducing this $340.00 
freight bill. 

Table III is made by first writing in 
the rates corresponding to the ship- 
ments in Table П. For clarity, these 
numbers are italicized to show that 
they are written in first. The notion of 
row numbers and column numbers are 
now introduced. Each italicized num- 
ber in Table III shall be the sum of its 
respective row and column numbers. 
Assume that the upper row number is 
zero. Combine this 0 with the italicized 
2 in square A I to find that the first 
column number is 2. Now, combine 
this 2 with the italicized 4 to find that 
the middle row number is 2. Com- 
bining this new 2 with the italicized 3, 
the middle column number is 1. The 
last column number is obtained from 
the italicized 2 and the middle row 
number which is also a 2; thus, the last 
column number is zero. The last row 
number is 4 because the last column 
number is 0 and C III is an italicized 4. 


TABLE III 


| Row 
| I | II | m Nos. 


I7 
A ys 0 
B 2 2 
c POTTS 
| I 


Column Nos| 2 | 1 о | 


Having determined all the row and 
column numbers by means of assuming 
a zero and subtracting from the 
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italicized numbers, Table Il] can be 
filled in as shown in Table IV, by 
adding respective row and column 
numbers. For example, A II is 0 plus 
1, C Lis 4 plus 2, ete. 


TABLE IV 


Ii or E 





Column 


Now compare Table I with Table 
IV. Naturally, the italicized numbers 
in Table IV are the same as their mates 
in Table I. Thus, only the italicized 
numbers need be considered. Looking 
for the number in Table IV which ex- 
ceeds its mate in Table I by the great- 
est amount, it is found in this problem 
that the 1 and 0 in Table IV do not 
exceed their mates, but that 6 is 1 
more than 5, and 5 is 3 more than its 
corresponding 2. C II exceeds its mate 
by the greatest amount. 

The next step in the solution is to 
place an x in the C II square of Table 
II as shown in Table V. To keep a 
balance of 20 tons in warehouse II, x 
tons must be taken away from the 
entry for B IL To maintain a balance 
of 50 tons from factory C, x tons must 
also be taken from C II. Finally, 
the totals can be balanced by adding x 
to the 10 tons in entry B III. 


TABLE V 


By examining Table V it is obvious 
that x cannot exceed 20 because other- 
wise B II would be negative. Thus, x 
is set equal to its largest possible value 
of 20 to obtain Table VI. 


TABLE VI 


| I H | nr | 
A | 10 
B 30 | 40 
C 30 | 50 


20 60 100 





By comparing Tables I and VI the 
new freight bill may be calculated as 


follows: 


10 x 2.00 
10 x 4.00 
30 x 2.00 
20 x 2.00 
30 х 4.00 


20.00 
40.00 
60.00 
40.00 
120.00 


UH M MN 


Total — $280.00 


In this first. refinement, the total 
freight bill has been reduced from 
$340.00 to $280.00. 

To seek a further reduction, the 
process is repeated as follows. Table 
VII is obtained from Tables I and VI 
in the same manner that Table III was 
obtained. 


TABLE VII 


Column Nos. | 


Note in Table VII that the middle 
column number is —2 because the 
last row number is 4 and the C II 
is 2. 

Now, fill in the blanks of Table VII 
to obtain Table VIII. 


TABLE VIII 


B 
C 


Column 2 |-3 | 0 | 
Comparing the numbers that are not 
italicized in Table VIII with their 
mates in Table I, 6 in C I exceeds its 
mate by 1 whereas no other number 
in Table VIII exceeds its mate. The 
next step, therefore, as shown in Table 
IX, is to put an x in C I and then ad- 
just B I, B III, and C III accordingly. 


TABLE IX 


II III 
Marc RI 
| 10 
30--x| 40 
20 | 30—x| 50 


20 | 60 | 100 


By inspection of Table IX, 10 is the 
largest possible value of x, so in obtain- 
ing the revised schedule Table X, x is 
given this value. 








bill then is: 


20.00 
80.00 
50.00 
40.00 
80.00 


10 x 2.00 
40 x 2.00 
10 x 5.00 
20 x 2.00 
20 x 4.00 


IMEEM! 


Total — $270.00 


This bill is $10.00 less than before. 
To attempt a further improvement, 
calculate Tables XI and XII in the 
same way as before: 


TABLE XII 


Ж. | m | HI | Row 


A 
B 
C 


Column 


By comparing, no number not 
italicized is as large as its mate in the 
original price Table I. This fact indi- 
cates that Table X gives the cheapest 
freight bill. 

It is interesting to note that the best 
solution includes 10 tons at the $5.00 
rate which is the maximum rate in the 
table and that the cheapest rate of 
$1.00 per ton is not used. The best 
schedule, as shown in Table X, is for 
factory A to send all its production to 
warehouse I, B should ship to III ex- 
clusively, and C should send 10 tons 
to I, 20 tons to II and 20 tons to III. 
The resulting freight bill of $270.00 
cannot be further reduced. 


Linear programming is not confined 
to railway freight problems alone. It 
has been applied to refinery operations 
(Ref. 1), machine-shop programs 
(Ref. 2), product-mix specifications 
(Ref. 3), and production scheduling 
(Ref. 4 and 5). 

The linear programming technique 
shown here can be readily extended to 
larger values and to more precise 
numerical values. Naturally, the arith- 
metic will increase in volume but the 
procedure is clear and there is no 
chance ‘of becoming lost in a maze 
of equations. 
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OTHER OPERATIONS RESEARCH PAPERS 


How is Operations Research being Used? 
by Dr. T. E. Caywood, Caywood-Schiller 
Associates, Chicago, Ill. Presented at Uni- 
versity of Wisconsin Operations Research 
Institute, February 24, 1955. 

Following a brief reference to the rapid 
growth of Operations Research and its basic 
philosophy, examples are given in the fields 
of inventory control, distribution analysis 
and machine interference by means of sim- 
plified numerical illustrations. It is empha- 
sized that profit optimization and routini- 
zation of management decisions are goals 
of the specific problems described. 


Operations Research, Past, Present and Fu- 
ture, by Professor Philip M. Morse, Massa- 
chusetts Institute of Technology. Advanced 
Management. Vol. 19, No. 12 (November, 
1954). 

Called by many the “father of OR”, Dr. 
Morse describes for management the his- 
tory, development and potentialities of the 
activity in which he played a leading role. 
The notion of a mathematical model of an 
industrial problem is introduced and brief 
references are made to such models in que- 
uing, Monte Carlo, and linear programming 
techniques. 


Operations Research for Management, ed- 
ited by J. F. McCloskey and F. N. Trefethen. 
Johns Hopkins Press, Baltimore, Md., 416 
pages, 1954. $7.50. 
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Component Selection 
for Environmental 
Conditions 


ARTHUR Н. KOPPEL + Head, Engineeering Standards Dept., Arma Division, American Bosch Arma Corporation 


Win variations in the degree of complexity, the perform- 
ance of a machine or assembled equipment depends directly 
upon the performance of all its component parts. In turn, 
the performance of the machine and each of its parts is 
affected by environment factors. Such factors may arise from 
sources foreign to the machine or they may arise from 
sources within the machine itself. 

To achieve satisfactory performance, therefore, the over- 
all machine and each component must be designed or se- 
lected for a specific function and protected to assure 
operation when exposed to environmental factors. 

Environment is frequently interpreted to mean only con- 
ditions of weather, temperature, humidity, or the presence of 
dust and grime. However, if the device is supplied with 
power, then this power is part of the environment and any 
changes or impurities in it must be considered, as must con- 
ditions of sunshine, tropical environment and internally gen- 
erated conditions of heat or vibration. To properly establish 
all environmental conditions that a particular device has to 
meet, it is necessary to consider in great detail what is re- 
quired of the equipment — what it is to do, where it is to do 
it, and how it is to do it. 

To arrive at the environmental factors of operation of the 


equipment or machinery a detailed study of the specifica- 


tions are made. From this the components can be tentatively 
selected and evaluated by test to meet specifications. Final 
assembly involves the testing of all that goes into the ma- 
chine or equipment for conformity to imposed tolerances. 
This includes any protective devices that are used to assure 
uninterrupted operation of the equipment. 

The analysis of the specification, Table |, indicates certain 
limitations on the choice of components, materials and 
finishes, as well as the need for certain protective devices. 
It can also indicate those areas where the specifications 
should be revised to meet expected performance require- 
ments. It might indicate the use of certain additional mech- 
anisms at the site of installation for additional environmental 
protection. 

The advantages of a careful analysis are: it assures com- 
pliance with prescribed performance requirements; and it 
avoids expensive redesign once the equipment is in pro- 
duction. 

Evaluating and testing all the components will determine 
whether the equipment as a whole meets all the expected 
performance requirements. A reasonable margin of safety 
within which the components will perform should be estab- 
lished. After detailed test for all external and internal en- 
vironmental conditions, it is possible to make specific recom- 
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mendations for selection of components and supplemental 
protective devices, and allowance for mechanical, electrical 
and performance tolerances. 

Supplemental devices include not only components such 
as seals, blowers, shock mounts and filters, but also methods 
such as hermetic sealing, and finishes over certain. materials 
which might otherwise accelerate corrosion. 

In the evaluation of component parts the general rule of 
Table Il should be followed. Component evaluation and de- 
termination of this type assures a minimum need for equip- 
ment redesign as a result of environmental malfunctioning. 

Continual inspection tests on component parts before they 
are finally assembled into the equipment prevents expensive 


Table I—Types of Specifications 


PERFORMANCE 
(What shall the equipment do) 


(Whot tolerances are imposed on the performance re- 
quirements) 


и ENVIRONMENT 
(Where shall the equipment perform) 


(Within what tolerances shall it perform in the specified 
environment) 


ul MAJOR SPECIFICATIONS 


(What are the minimum performance requirements that 


are expected of the type of device) 





Iv MINOR SPECIFICATIONS 
(What special design limitations are imposed) 


rework after assembly. Defective or below average 
can be rejected. Table Ill indicates the inspection te 
some components. 

Environmental performance is an essential part of 
bility. The knowledge of what defects may occur to 
ponents under various environmental conditions will h 
improve component and machinery design and prot 
The centerfold chart lists the various environmental 
tions and possible defects and remedies. Table IV inc 
the proper application techniques for selected pro! 


devices. 


The author expresses his appreciation to John Cammorata, He 
vironmental Dept., Arma Div., for his assistance and suggestions. 


TYPICAL ITEMS COVERED 


Type of output function 

Accuracy of output 

Number of operations (active life) 
Storage life (idle life) 

Power level of output (with tolerances) 
Power level of input (with tolerances) 


Type of input 


Weather conditions (humidity, temperature, pressure) 

Type of input power 

Local physical conditions (corrosive atmosphere, prese 
oil, grease, dirt, dust) 

Radiation (sunlight, electro-magnetic) 

Mechanical conditions (acceleration, vibration, shock, 
motion) 


Local, country, and state laws 
Federal agency regulations 
Underwriters’ requirements 
Contractural requirements 


Customer maintenance specification 
Customer component specifications 
Customer material specifications 


Table lI —Evaluation of Component Parts 


1—Determine the functional requirements and establish 
tolerances. 


2-Study available components that meet the functional re- 
quirements for compliance with the specifications. 


3—Conduct evaluation tests to establish adherence to per- 
formance and environmental requirements. 


4_\nitiate modification, where necessary, to assure adhere 
to all requirements. If a component cannot be modi! 
equipment or specification changes are made. 


5—Select supplemental components or finishes to act as 
tective devices. 

6—Conduct evaluation tests on the supplemental compor 
for adherence to the specifications. 





verage parts Table I!I—Typical Component Inspection and Test Classification 


tion tests for 









ITEM INSPECT FOR CLASS OF TEST FREQUENCY 

art of relia- 
:CUr fo com- Т, 5-4 TR ae en әд» + Pinholes in insulation * Dielectric strength * Tensile Nondestructive Sampling of footage 
will help to strength and elongation from each roll 
] protection. 
ental condi- DENEN ccc ccc Contact continuity * Hipot * Temperature setting Nondestructive 100 per cent 
IV indicates 6 
d protective РЕНИ а.-с. осона Deflection at rated load * Resonant frequency Nondestructive Sampling 
ata, Head En EMEND LIU Li isis еж» Blow—current * Blow—time Destructive Sampling 
tions. 

iube ВМБ ..........-.:,, Faults by X-ray or supersonic test Nondestructive 100 per cent 

КЛ И асаа нат Filament current * Inter-element leakage * Inter- Nondestructive 100 per cent 

element shorts * Emission 
Hermetically sealed parts ....... Water immersion by change in weight Nondestructive 100 per cent 
(low pressure) 








Hermetically sealed parts ....... Immersion in water and detergent for bubble test, or Nondestructive 100 per cent 
{atmospheric or higher pressure) mass-spectrometer for higher accuracy 











Friction Nondestructive Sampling 
aaa 


КАШУ EO + иже — | Starting voltage * Current surge * Speed * Dielectric Nondestructive 100 per cent 
strength * Torque 






NENNEN eeecaceececteesa 


re) 








presence of 


nock, sliding 
Table IV —Typical Uses of Protective Devices 


IF DESIGN CALLS FOR... TO PROTECT AGAINST... USE... 
Hermetic sealing ............ Overheating of electrical equipment Ventilation through sealed ducts. Heat sinks. 
каршына ............... Overheating of electrical equipment Encapsulating materials that are good heat conductors. 


Provision for strong turbulence around heat generating equip- 
ment. Properly rated blowers. Avoid free spaces where tur- 
bulence can dissipate itself. Properly designed air intakes and 
exhausts. Air filters. 


PERENNE о зене . Insufficient cooling 


Primers, and properly prepared surfaces. Proper intersurface 


Finish by plating or painting ... Peeling of finish 
plating between incompatible metals. Sufficient thickness. 







erence Proper mounting provisions to prevent “break-away”. Proper 


Shock or vibration mounts .... Damage to mount 









— rating to prevent bottoming. Proper finish to prevent corrosion 
and fungus growth. 
as pro- 
Heaters ... i Provide thermostatic control. 
ponents Goat SIA Overheating 
Interference filters ............ Malfunctioning of the equipment Properly rated filter that has a specified maximum line drop. 
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esonant frequency of item is near fre- 
ration, there will be material fatigue, 
acture * Movable parts, such as screws 
‚ Бе displaced * Liquids are subject to 
| turbulence. 


EFFECT — Expansion may cause jamming or loosening 
* Soldered seams may weaken * Strength and elas- 
ticity of parts may change * Lubricants may evaporate 
or flow * Linkage devices may malfunction or lose 
calibration. 


EFFECT — Materials will contract * Lubricants may gel EFFECT all items: 
* Moving parts may jam because of contractions * content in the surr 
Elastic constant and strength will change and moisture two possible delete 
trate into porous su 
water and other su 
paths between ele 
moist air will also 
rosion * Moisture 
pansion in porous, 
gasketing material 
the air is cooled 

ulates there will b 
above, but possib 
Also see section o 


may condense forming ice. 


REMEDY — Use properly rated materials * Use heaters 
REMEDY — Use properly rated moteriocls * Design with thermostatic controls * Provide drain holes. 


for proper strength * Use cooling through ventilation 
or refrigeration. 


ampen frequency by use of vibration 
ign items so that natural frequency is of 
nitude than expected vibration. 














ural frequency near forcing frequency 


EFFECT — Plastic ond rubber insulation lose flexibility; 
contraction can cause fissures * Electrical constants will 
vary * Electrical characteristics which are a function 
of dimension will change * Moisture condensation may 
lead to short circuits and ice formations * Pointer-type 
devices can freeze, or lose calibration * Ice formation 


EFFECT — Constants of resistance, inductance, capaci- 
tance, power factor, dielectric constant and strength, 
and others will vary * Insulation may soften * Con- 
tacts may open or close by warping under expansion 
* Electrical characteristics which are a function of 
dimension will change under expansion. 


'akage of supporting structures, soldered 








ents; chattering of contacts; pointer-type 
ad falsely + Conductors can temporarily 





REMEDY: Mecha 
terials ° Gasketing 
material * Lubrico 
be sealed * Use « 
accumulate. 





ges in crystalline structure of filament 





ents may affect operating characteristics. 


may cause non-conductivity of pressure contacts. 





| damping by means of vibration mounts 






REMEDY — Use properly rated items * Apply proper 
de-rating * Cool by means of ventilation or refrigera- 
tion * Dielectric strength and power dissipation should 







or brackets for mounting * Use prop- REMEDY — Use properly rated materials * Use heat- 


ers with thermostatic control * Place components in a 





items that are rated for operation at the isis adi d 


ing materials * lm 
moisture-resistant v 
with moving parts 
wiring to avoid a 
Use only pure resi 









ency of vibration. be de-rated with increasing temperature. hermetically sealed enclosure which is dry gas filled * 
Self generated heat after warm-up period can restore 


characteristics. 













i wires may break * Laminations may EFFECT — Magnetic characteristics of laminations and EFFECT — Magnetic characteristics may change * Lub- 


ng-type contacts may chatter * Improp- core-materials change * Dielectric strength of insula- ricants may gel and increase in viscosity causing higher 


rotating devices may be set in motion. 





Electromagnetic 
tureproof varnish 

* Avoid the use of 
age distances * U: 


tion changes * Rotating devices may jam * Lubricants friction * Moisture condensation may cause short cir- 





may flow or evaporate. cuits * Ice formation can stop moving parts. 


e vibration mounts * Use properly de- 










REMEDY — Use hermetically sealed enclosures filled 
with dry gas * Use heaters. 


REMEDY — Design for operation at specified tempera- 
ture * Cool by means of ventilation or refrigeration. 


here the natural frequency is of different 
n that of vibration * Use dynamically 
y devices. 





Thermally Acti 
* Hermetically sec 












nent wires, lead wires and supporting EFFECT — |f the component is one whose function is to EFFECT — |f component is activated by heat (thermal Finishes — Avoid 
ak * Changes in crystalline structure generate heat it can be destroyed * If thermally ac- time delay relay) it may lose its calibration * If com- "Hash" plating * 
rational characteristics * Contacts may tivated (thermal time delay device) it will lose calibra- ponent is to generate heat it will not be damaged but easily, or which ar 


aded base devices can loosen. tion. it must have sufficient generating capacity. 


Materials — Do | 


not use porous r 
its circuits within possible deviation from calibration. varnish or resin on 











REMEDY — Use properly rated devices and thermal REMEDY — Use properly rated components * Design 
controls * Use proper materials in the construction of 


the component * Use cooling. 


impen with vibration mounts. 





EFFECT — Paint may blister * Low-melting point metal 
plating may peel or blister * Plostic coatings may melt. 


EFFECT — Materials will generally contract * Plastic 
flexible materials may become rigid * Lubricant can Ні 
gel * Liquids become more viscous, and freeze. 


n applied to a bending or flexing mem- 
' chip or flake * Rough surfaces will 
oth appearance. 





REMEDY — Use properly rated paint * Use electro- 


: EFFECT all item: 
chemical finishes * Use cooling. 


temperature and p 
to appear where 
hydraulic lines, he 
nections • Leaks 
EFFECT — All materials have melting, or softening whose internal pr 
points * Strength is affected by high temperature. reduced internal | 
to sea level then 
See section on hu 


REMEDY — Use appropriate materials * Supply heat 
from controlled heaters. 


dy characteristics for their affect under 
se applicable finish. 


m 


cause changes in crystalline structure * 
ay fail in fatigue * Structural members 
1d break when vibrated near the res- 


y. REMEDY — Use cooling * Use proper materials * 


Design for heat conductance. 
REMEDY — See | 


mpen with vibrati . : 
pe ith vibration mounts Use Use proper inspe 


to make natural frequency different 
g frequency. 


дең, 





ems: High humidity implies a high water 
: surrounding atmosphere. This leads to 
deleterious effects: (a) moist air will pene- 
Dus substances, where a reaction between 
лег substances may produce low-leakage 
n electrical conductors * Existence of 
also produce oxidation, leading to cor- 
isture may also cause swelling and ex- 
í OUS, water-absorbing substances, such as 
terials. (b) Moisture will condense when 
Jed * Where condensed water accum- 
will be the same effects as listed in (a) 
ossibly in more accelerated manner * 
ion on salt atmosphere. 


echanical — Use proper finish for ma- 
keting should be made of non-absorbent 
ibricated surfaces and assemblies should 
Use of drain holes wherever water may 


ind Electrical — Use non-porous insulat- 
* |mpregnate cut edges on plastic with 
tant varnish or resin * Seal components 
parts * Perforate sleeving over cabled 
jid accumulation of condensed water • 
e resin as a flux * Encapsulate or seal. 


netic — |mpregnate windings with mois- 
nish * Encapsulate or hermetically seal 
se of commutators * Provide long creep- 
, © Use alumina insulators. 


Active — Use non-hygroscopic materials 
ly seal, where possible. 


Avoid porosity, do not use very thin 
1g * Do not use finishes which corrode 
ch are water soluble. 


-Do not use hygroscopic materials * Do 
ous materials * Impregnate with wax, 
in on all capillary edges. 


HIGH ALTITUDE 


tems: High altitude generally means low 
and pressure * Low pressure causes leaks 
here there is a pressure differential on 
2s, hermetic enclosures and gasketed con- 
Leaks in hermetically sealed assemblies 
al pressure is | atmos or greater, cause 
‘nal pressure at high altitude * A return 
then causes entry of possibly moist air ° 
jn humidity and low temperature. 


ее Іом temperature section of table ° 
inspection method for sealed assemblies. 


"n. . 


SALT ATMOSPHERE 


EFFECT all items: Three effects are attributed to salt 
atmosphere. (a) Electrical leakage: dissolution of salts in 
water generally increases the electrical conductivity of 
water. Where there is an accumulation of salt water, in- 
sulating resistance will decrease. (b) Galvanic couples: 
salt water causes a weak electrical potential at the 
boundary between certain metals when adjacent * The 
existence of this potential cause a current flow and metal 
corrosion * Degree of corrosion depends upon the ma- 
terials position in the electrochemical table and upon the 
surface area of the materials exposed. (c) Chemical re- 
action: corrosion is accelerated because of the chlorine 
ion present in the salt atmosphere. 


REMEDY — Electrical leakage: use long creepage dis- 
tances, and barriers between terminals * Encapsulate or 
hermetically seal * Provide drain holes and avoid water 
traps * Porous substances or capillary materials should 
be impregnated with varnish or resin. Galvanic couples: 
do not use incompatible materials * Where this is im- 
possible use a compatible plating on one of the materials. 
Chemical reaction: use proper paint or plating for pro- 
tection. 


SUNSHINE 


EFFECT all items: Colors may fade such as color coding 
of electrical Components, or protective coloring * Light 
intensity, or reflection, may make it difficult to read dials 
* Ultraviolet radiation may affect the elasticity or flexi- 
bility of certain rubber compounds, or plastic materials * 
It will also cause increased temperature within exposed 
enclosures. 


REMEDY — Use properly rated materials * Consider 
brightness and the adaptability of the human eye in dial 
design * Use light shields * See section on high tem- 
perature. 


EXPLOSIVE ATMOSPHERE 


EFFECT all items: An explosive atmosphere generally 
is a mixture of gasoline vapors and air, or the presence 
of natural gas * Such a mixture is easily ignited by sparks, 
which may be produced by the make and break action of 
pressure contacts, as well as by improperly made per- 
manent electrical contacts, or by the impact of hard mate- 
rial upon one another. 


REMEDY — Only safe protection against explosion is 
hermetic sealing of all items that have sliding or other- 
wise moving electrical contacts * It is possible to design 
enclosures that prevent ignition outside even when ignition 
takes place within * Temperature should be kept below 
the ignition point at the existing pressure. 





EFFECT all items: Tropical environment generally is 
humid, (see humid section). However fungus spores must 
be considered * Fungi will feed on organic matter, in- 
cluding wood, paper, cotton, cellulose, etc. * Fungus-inert 
material will not support a fungi growth, however a de- 
posit of dust and dirt on the part will * Fungistatic im- 
plies the presence of a substance which is injurious to 
fungi, or a fungicide * Fungicides should be selected with 
caution from a viewpoint of chemical reaction * Fungi- 
cides containing mercury, for example, should not be used 
near selenium oxide rectifiers, as chemical reduction of 
the oxide to metallic selenium may occur. 


REMEDY — Use only non-nutrient substances * Coat the 
finished equipment with an appropriate fungicide * Re- 
peat application of fungicide as part of regular main- 
tenance procedure * Use encapsulation, or hermetic 
sealing. 


SAND AND DUST 


EFFECT all items: Presence of sand and dust may cause 
deterioration as follows: (a) finely finished surfaces may 
be scratched and abraided. (b) Friction between sliding 
surfaces may be increased. (c) Lubricants may be con- 
taminated. (d) Orifices may be clogged. (e} Resilient ma- 
terials may be penetrated. (f) Hard materials may be worn, 
scratched, or chipped. (g) Sand is a silicate, exceedingly 
hard, and an excellent abrasive. (h) Dust consists essen- 
tially of exceedingly fine particles which may or may not 
be electrically conductive * Frequently they are soluble 
in water. 


REMEDY — Use sealed bearings * Use encapsulation, or 
hermetic sealing * Design dust shields around equipment 
* Provide for frequent maintenance and overhaul. 


EFFECT all items: Electro-magnetic radiation may affect 
items as follows: (a) radiation may be absorbed by fer- 
rous substances and set up eddy currents which produce 
heat. (b) When produced within equipment, may be 
radiated or conducted through power lines. (c) When 
conducted into equipment over power-lines or through 
receiving equipment, may saturate the electronic circuits 
of the equipment. 


REMEDY — Use laminated, rather than solid construction 
* Use shielding * Use band-rejection filters in power 
lines * Use line filters * Use band-rejection filters. 





Effect of Environment 


EFFECT — Pins may bend or shear * Pins and reeds 
deflect * Shock mounts may break away from mount- 
ing base * Mating surfaces and finishes may be 
scoured. 


REMEDY — Design for proper strength * Use proper 
shock mounts. 


EFFECT — Filament windings may break * Items may 
break away if mounted only by their leads * Normal- 
ly closed pressure contacts may open * Normally 
open pressure contacts may close * Closely spaced 
parts may short. 


REMEDY — Use shock mounts * Use mounting brack- 
ets * Use properly rated components. 


EFFECT — Rotating or sliding devices may be dis- 
Î placed ° Hinged part may temporarily engage or 
disengage * Windings and cores may be displaced. 


| REMEDY — Use shock mounts * Make sure com- 


T} ponents are balanced dynamically * Use properly 


| rated components. 


| EFFECT — Heater wires may break * Bimetallic strips 
| can bend ° Calibration many change. 


A REMEDY — Use shock mounts * Use properly rated 
components. 


^] EFFECT — Blisters and cracks may occur. 


| REMEDY — Use proper materials ond finishes. 


EFFECT — Under load, materials may bend, shear, or 
splinter * Glue lines can separate + Welds can break. 


REMEDY — Use shock mounts * Use proper types of 
materials * Use proper types of joining * Make sure 
-] loads are within tolerance. 


EFFECT — |f resonant frequency of item is near fre- 
quency of vibration, there will be material fatigue, 
resulting in fracture * Movable parts, such as screws 
and pins may be displaced * Liquids are subject to 
cavitation and turbulence. 


REMEDY —Dampen frequency by use of vibration 
mounts * Design items so that natural frequency is of 
different magnitude than expected vibration. 


FFFECT — Natural frequency near forcing frequency 
can cause: breakage of supporting structures, soldered 
wires, or filaments; chattering of contacts; pointer-type 
devices may read falsely * Conductors can temporarily 
short * Changes in crystalline structure of filament 
and fuse elements may affect operating characteristics. 


REMEDY Use damping by means of vibration mounts 
* Use clamps or brackets for mounting * Use prop- 
erly designed items that are rated for operation at the 
specified frequency of vibration. 


EFFECT — Lead wires may break * Laminations may 
vibrate * Spring-type contacts may chatter * Improp- 
erly balanced rotating devices may be set in motion. 


REMEDY — Use vibration mounts * Use properly de- 
signed items where the natural frequency is of different 
magnitude than that of vibration * Use dynamically 
balanced rotary devices. 


EFFECT — Filament wires, lead wires and supporting 
parts may break * Changes in crystalline structure 
may affect operational characteristics * Contacts may 
chatter * Threaded base devices can loosen. 


REMEDY — Dampen with vibration mounts. 


EFFECT — When opplied to a bending or flexing mem- 
ber, finish may chip or flake * Rough surfaces will 
assume a smooth appearance. 


REMEDY — Study characteristics for their affect under 
vibration and use applicable finish. 


EFFECT — Con cause changes in crystalline structure * 
Solder joints may fail in fatigue * Structural members 


may fatigue and break when vibrated near the res- 
onant frequency. 


REMEDY — Dampen with vibration mounts * Use 


proper design to make natural frequency different 
from the forcing frequency. 
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. 1—Beta gage instrumentation controls thickness of copper strip as it is rolled in a strip mill. 
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Radioisotopes 


in Research and Industry 


"NDUSTRIAL APPLICATIONS of nuclear 
technology range from measuring the 
physical properties of materials to cata- 
lyzing up to recently some “impossible” 
chemical reactions. 

All nuclear radiations interact with 
matter by producing ionization. The 
manner and extent to which they inter- 
act with the material through which 
they travel tell what the properties of 
the material are. Nuclear radiations are 
of two general types: (1) Particles— 
alpha, beta, and neutrons; and (2) 
Electromagnetic waves of extremely 
short length—gamma ray and X-ray 

Alpha particles positively 
charged. They are densely ionizing and 
lose energy very rapidly in traveling 
through material, consequently they 
can trayel only a short distance. All 
naturally occurring alpha particles can 
be stopped by a thin foil or three to 
four inches of air. 

Beta particles are negatively charged. 
They are intermediate in density of 
ionization and have a moderate travel 
range. Nearly all of them can be 


stopped by about a half-inch of plastic, 


are 
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a quarter of an inch of aluminum, or 
several feet of air 

Neutron particles carry no charge 
They are penetrating and highly dam- 
aging. Depending on their speed or 
energy, they can penetrate several thick- 
nesses of tissue, causing cell destruction. 
Heavy concrete and high density hy- 
drogenous materials are effective shields 
for these particles. 

Gamma rays are highly penetrating. 
They are the least densely ionizing. 
They slowly lose their energy in the 
medium through which they pass. 
Gamma rays are not stopped com- 
pletely by any thickness of material. 
Some gamma rays give appreciable ra- 
diation through 12 in. of steel. Lead, 
steel, and concrete are used to shield 
against gamma and X-rays. 

X-rays are similar to gamma rays 
but less penetrating. 

Every radioactive material emits a 
characteristic type of radiation, which 
never varies. Some give off only beta 
rays, some only alpha, however, the 
majority give off beta and gamma rays 
combined. A particular radioactive iso- 


1955 
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tope will always give off the same type 
of ray with the same energy. While 
the type of ray remains constant, the 
amount of rays given out by an isotope 
slowly decreases. 


Industrial Applications 


Rate of wear of metal parts has been 
measured by irradiating the part, then 
either checking the drop in radiation 
intensity of the part, or the rise of the 
radiation from the eroded material at 
timed intervals. 

To improve the durability and per- 
formance of tractor gears, this research 
tool is being employed to measure gear 
wear. In such studies, test gears that 
have previously been irradiated in a nu- 
clear reactor are run under controlled 
operating conditions. A Geiger counter 
measurement of the radioactivity of 
worn iron particles in the gear oil in- 
dicates the amount of metal particles 
worn off the gears. Wear as low as 50 
micrograms per minutes can be de- 
tected. 

To compare the relative abrasive ef- 
fects of various plastic molding mate- 
rials on steel molds, a radioactivated 
sprue bushing was used in a transfer 
mold. Bushing was made of SAE 3312 
steel. It was radioactivated in an atomic 
pile at an average thermal flux of 4 Х 
1012? neutrons per sec cm?. The com- 
ponents of 3312 are iron, nickel, chro- 
mium, manganese and carbon. 

Of these elements, only radioactive 
iron and chromium had sufficiently 
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Applications of Radioisotopes 
in Industry 


FOR MEASURING 


Density of materials 

Viscosity of fluids 

Gear wear 

Piston ring and cylinder wall wear 

Tool and die wear 

Abrasive effects of plastic mold- 
ing materials 

Extent of corrosion 

Thickness of materials 

Thickness of coatings 

Chemical composition 

Fluid level 


FOR DETECTING 


Discontinuities 
welds 

Voids in silver brazed joints 

Leaks in pipe systems 


in castings and 


— — — — 


FOR OBTAINING 


Catalytic reactions 
Reduction of static 
charges 
Luminescence on instrument dials 
Radiation source for radiography 


Mm hm Mee] -—— 2-4 

vaL 5. MOMS 3 7 
electrical : T s : 
Fig. 2—Radioisotope technique checks alignment of step drilled holes in a tapered steel 
blade.—( Above) Size and location of drilled holes in blade.—(Right) Gamma ray count- 
ing setup for measuring deviation of center lines of holes from center line of blade. 
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long half life and emitted satisfactory 
gamma radiation for the desired work. 
As the molding material was trans- 
ferred through the sprue, some of the 
radioactive steel was worn from the 
bushing and became a part of the 


molded piece. 

These radioactive molded parts were 
placed in a shielded metal housing and 
the gamma rays counted by a scintilla- 
tion counter. The count yielded by one 
particular molding material was com- 
pared against the counts yielded by 
other molding materials. The ratio of 
the counts observed determined which 
materials were more abrasive. 

With radioactive tools and dies, min- 
ute amounts of wear can be detected 
and points of wear be localized by plac- 
ing photographic film in contact with 
the non-radioactive wearing surface. 
The developed film shows the areas 
where material has been transferred. 
This method has been used to study the 
wear of bearings and wire drawing dies. 

Of the hundreds of radioactive ma- 
terials made available by the Atomic 
Energy Commission, cobalt 60 and 
iridium 192 are most widely used in 
radiography. Both are generally much 
less expensive than radium. Gamma ray 
sources, however, usually are of much 
lower intensity than X-ray sources, 
consequently exposures are longer and 
safety problems are multiplied. 

The maximum thickness that can be 
explored by radiography depends upon 
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the radiation available, and the com- 
plexity of shape and variation in thick- 
ness of the specimens. Radiography 
testing is applicable to the detection of 
metallurgical discontinuities of macro- 
scopic size and the highly various ori- 
entations that may occur in castings 
and welds. The method, however, has 
limited applicability for wrought ma- 
terials because most of the disconti- 
nuities that can occur are either too 
small or too tightly closed for detec- 
tion. 

Silver brazed joints in small parts are 
amenable to radiographic checking to 
detect voids as well as the total cover- 
age of the joints. 

Corrosion in hard-to-get-to places 
can be detected and its extent meas- 
ured by radiographing the spot with a 
radioisotope. The radiation produces 
on autoradiographic film a picture of 
the corroded surface, from which its 
area and penetration can be measured. 
This technique has been used to find 
hydrogen blisters on the inner surface 
of large refinery units. 

Since radiation is absorbed by mate- 
rials at a rate contingent upon their 
composition, density, and the amount 
of material in the path of the radia- 
tion, radioisotopes are employed in in- 
struments to measure properties such 
as thickness, density and composition. 

Two types of non-contacting gages 
are in general use: the transmission 
gage and the reflection gage. The trans- 


mission gage has source and detector 
mounted on opposite sides of the ma- 
terial being measured. Any variation in 
the mass thickness of the material 
changes the transmission of radiation 
and results in a change in the reading 
of the detector. Variation of the detec- 
tor reading can be used to control plant 
processes. In Fig. 1 is shown the instru- 
mentation used in controlling a copper 
strip mill. Here a transmission gage is 
employed. 

The reflection gage has source and 
detector mounted on the same side of 
the material but shielded from each 
other. The amount of radiation re- 
flected back from the material into the 
detector is dependent on the thickness 
of the material and its composition. 

This gage can be made to respond to 
the thickness of a coating and not to 
the backing material if there is some 
difference in atomic number. These 
gages can control the thickness of coat- 
ings, either metallic or nonmetallic, in 
continuous plant processes. When the 
electron emitted by the beta particles 
strike the coating material, they bounce 
back, and their intensity is counted by 
a meter. This method avoids costly 
process interruptions to determine 
whether or not the coating is being 
uniformly applied. 

Beta-ray thickness gages are used in 
the paper, plastics, tin plate, and abra- 
sive materials industries. With a car- 
bon 14 beta source, plastic ranging 
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from less than 0.001 to about 0.005 in. 
can be measured; with harder beta 
emitters, the range can be increased to 
several tenths of an inch. With gamma 
sources, the range can be extended to 
about an inch of steel. 

The Industrial Laboratory of the 
Mare Island Naval Shipyard reports an 
interesting application of radioisotopes 
where conventional methods of check- 
ing the alignment of step drilled holes 
in a tapered steel blade were inade- 
quate, Fig. 2. The stepped drilled 
holes in the blade were 24 in. deep. De- 
viation of the holes from center line of 
the blade was not to exceed 0.040 inch. 

For a source of radiation, a capsule 
containing caesium 137 was manipu- 
lated by a long brass rod. With this 
source, together with a special geiger 
tube holder and a laboratory model 
scaler, Fig. 2, deviations of the hole 
from blade center line on the order of 
+0.002 in. were measured. Each hole 
was measured in approximately 15 
minutes. 

Radioisotopes have been effective in 
reducing static electrical charges in 
paper, textile, rubber, and plastic plant 
installations. Static eliminators contain- 
ing radium or polonium prevent build- 
up of static charges in objects by ioniz- 
ing the air around them. These elimi- 
nators have improved the quality of 
product, reduced production costs, and 
reduced fire and explosion hazards. 

One of the many ways in which the 


chemical industry profitably employs 
radioisotopes is in catalyzing reactions. 
Chlorination of hydrocarbons and the 
polymerization of monomers, notably 
ethylene, are now carried out on a 
bench scale using radiation from iso- 
tope sources as catalyst for the reac- 
tion. With this technique entirely new 
polymers are obtained. 

With isotope radiation, the proper- 
ties of some materials can be changed. 
Irradiation increases the cross-linkage 
of the long-chain molecules in poly- 
ethylene and produces a stronger mate- 
rial that is more resistant to solvents 
and temperature. With radiation, rub- 
ber can be vulcanized without resort- 
ing to sulphur or other chemical agents. 

Sterilizing foods and drugs at room 
temperature with gamma radiation is 
being studied. While the technique has 
proved feasible, high costs and un- 
wanted byproducts present problems 
that must yet be solved. At present, 
massive doses of radiation are required 
for complete sterilization. But, “pas- 
teurization” techniques that use only 
mild doses have promise in the sterili- 
zation of foods. 

By tagging one of the reactants in a 
chemical reaction, the reaction mech- 
anism can be studied. Among reactions 
currently under study are hydrocarbon 
isomerization, alkylations and polymer- 
izations. This technique has been called 
“more important than the microscope 
for solving the fundamental research 
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problems of tomorrow.” With radioac- 
tivity, quantities below the ordinary 
limits cf analysis can be detected. 
Such information has resulted in proc- 
ess improvements and in lower quality 
control costs with only a slight in- 
crease in the overall cost of the process. 

Radioisotopes can be introduced into 
physical systems. Followed by radiation 
counters, radioisotopes can locate leaks 
and jams in pipelines; study catalyst 
flow in reforming units; and control 
the valves that divert product flow to 
prevent contamination of one product 
with another when two or more prod- 
ucts flow through the same line. Flow, 
diffusion and absorption patterns can 
also be determined by the introduction 
of a radioisotope into the physical 
system. 

Equipment cost, handling difficulties 
and structural limitations inherent in 
the use of radioisotopes are often con- 
siderable. It is not always possible to 
get an isotope of a particular element 
with the proper half-life, activity, or 
purity required for a specific applica- 
tion. Also, the amount of isotope re- 
quired may be so large that its use is 
not safe. 

Radioisotopes, however, are becom- 
ing more and more convenient to use. 
Instruments are more accurate and 
simpler to work, techniques have im- 
proved, and more people are skilled in 
the use of the new methods. 
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XEROX’ Model 1218 COPYING EQUIPMENT 


Speeds and Cuts Costs in Duplicating Engineering Drawings 


24” x 36” drawing on copyboard of camera. Drawing is exposed 
to XeroX plate and reduced to 12” x 18” size by xerography. 


12” x 18” image is transferred from XeroX plate to paper mas- 
ter by xerography. Multiple copies are run off from this master 
on an offset duplicator. 


Also, versatile xerography can be used for preparing offset paper 
masters, translucent masters for diazo-type machines, masters for 
spirit and other fluid-type duplicators. In addition, up to 8 copies of 
a document can be made from one xerographic exposure, including 
an offset paper master or translucent master. 


Copies engineering drawings or 
anything written, typed, printed 
or drawn up to 24” x 36”, by 
xerography onto offset paper 
masters for runoff of 12” x 18” 
multiple copies on offset dupli- 


cator... 
* 


Precut paper used instead of rolls 
. .. eliminates print hand-cutting 
operations. Reduced size saves filing 
space—Saves folding and unfold- 


ing time. 
a 


Using xerography and offset dupli- 
cating, one hundred copies of an en- 
gineering drawing, reduced from 
24” x 36” to 12” x 18” can be pro- 
duced in about five minutes. Copies 
are sharp with details of the original 
clearly readable on the reduced size. 

A study by the Ford Motor Com- 
pany indicates a production cost of 
97c for one hundred 12” x18” copies. 

Xerography is a dry, electrostatic, 
copying process requiring no inter- 
mediate negative. No sensitized pa- 
pers, water or liquid chemicals are 


used. 


Send for case histories showing how Ford, U. S. Navy, Glenn L. Martin Company, 
and many other companies are saving time and money using xerography. 


THE HALOID COMPANY 


55-121X HALOID STREET, ROCHESTER 3, NEW YORK 
BRANCH OFFICES IN PRINCIPAL U. S. CITIES AND TORONTO 
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NEW AND BETTER PRODUCTS 
—From Bruning Research and Engineering 


It was Bruning Research and Engineering that 
introduced the first pencil tracing cloths, the 
first fume-free whiteprinters in America, the 
first band-type drafting machines. Today, with 
the most complete facilities for Research in its 
field, Bruning has just made available to you 
the newest and most advanced sensitized 
materials, tracing papers and cloths. It has 
just ‘engineered’ for you the most modern 
reproduction machine of them all. 


COPYFLEX SENSITIZED 
MATERIALS 
Bruning offers an unrivalled selection 
of sensitized papers, cloths, and films, 
available ina variety of sizes and weights, 
in sheet or roll form. Papers come in 
white and five tints. 


COPYFLEX REPRODUCTION 

MACHINES 

Copyflex offers all the benefits of diazo 

black-on-white reproduction — speed, 

economy, quality prints—plus problem 

free installation and operation. No 

fumes, no exhaust ducts. There’s a 

model to meet every need 


CONSISTENTLY HIGH QUALITY 
From Bruning Manufacturing 


in its own modern paper converting plants at 
Teterboro, N. J., Chicago, Kansas City, and 
Los Angeles, Bruning controls quality all the 
way to bring you tracing mediums and sensi- 
tized materials of dependable, consistent high 
quality. The famous Copyflex reproduction 
machines are entirely Bruning manufactured 
to provide you the finest in reproduction 
performance. 





Highest Quality Products | 


Bruning Gives You a Complete Product Service Backed by Research, 
Engineering, and Manufacturing . . . Simplifies Ordering . . . 
Assures Efficient Integration of Companion Products. 


Look into this Big Package from Bruning. 
You'll discover why draftsmen, engineers, and 
architects everywhere look to Bruning as their 
Single, Convenient, Dependable Source for 
everything they need in top-quality drafting 
room supplies and service. 

You'll find why Bruning as researcher, man- 
ufacturer, and supplier can bring you better 
results at lower cost, make your job easier. 


Take a close look at the complete line of 
products brought to you by Bruning. There’s 


one to suit your every need, to fit any budget. 


You simplify ordering and stocking, save time 
and money. 

Moreover, companion products, like Copy- 
flex reproduction machines and Copyflex 
sensitized materials, are made to work together 
to give you premium results. 


TRACING PAPERS AND CLOTHS 
These new, improved drawing mediums 
set a new high standard in translu- 
cency, pencil-and-ink-taking qualities 
and permanence. Select from a com- 
plete variety. 


DRAFTING EQUIPMENT AND 
SUPPLIES 

Bruning's wide selection includes not 

only standard items, but such special 

aids as dotting pens, proportional 

dividers, planimeters and Wrico letter- 


ERASING MACHINES 
These easy-to-use machines do a better 
job of erasing, save time. An extra- 
long, seven-inch eraser prevents ‘‘fly- 
out’’. They are quiet, cool, vibration- 


free tools ideal for all departments. 
ing sets. 


SURVEYING 

EQUIPMENT 
This complete line features 
famous Brunson precision 
Surveying instruments with ex- 
clusive dust-proof ball bearing 
construction for lasting accur 
acy, minimum maintenance, 
ease of operation 


BRUNING 


4000 BRIN CE YOU —> 


а 
DRAFTING MACHINES 


Choose from a range of models and 
prices. Patented ‘‘Equipoise’’ gravity 
compensator, exclusive Touch Control 
Indexing provide unrivalled simplicity, 
precision, and ease of operation. 


DRAFTING ROOM FURNITURE 
Everything for the drafting room, in a 
range of materials and styles to meet 
every price requirement — including fa- 
mous Hamilton Auto-Shift drafting tables 
and UnitSystem files. 
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A Complete Service and Supply 
> Right to Your Doorstep! 


2 


You get the Bruning product, material, and service you 
need when you need it! With the most comprehensive net- 
work of sales-service branches, distributors, and plants in 
its field, Bruning brings a complete service and supply 
right to your doorstep. 
No Time Lost for Lack of Service! 

You'll find a Bruning branch practically right in your own 
backyard. It’s headquarters for a capable staff of Bruning 
sales-service specialists, who are always available to you. 
Whether your need concerns machine service, product 
application, or any problem relative to the operation of 
your department, your Bruning specialist will be right 
on the spot to give you help when you need it. 

No Delays Suffered for Lack of Supply! 
Your nearby Bruning Branch or distributor carries a full 
line of Bruning products, is staffed and equipped to give 
you fast, efficient supply. You run no risk of costly delays 
for lack of products or materials. 


A 19 Bruning Sales-Service Branches © 6 Bruning Distributors 
(4) 4 Stragetically Located Plants 


| There's the Big Package for you from Bruning. .. 
BRUNING America’s Largest Supplier of Engineering 
and Drafting Equipment. 


CHARLES BRUNING COMPANY, INCORPORATED б 4700 MONTROSE AVENUE . CHICAGO 41, ILLINOIS 
In Canada: Charles Bruning Company (Canada) Ltd., 105 Church St., Toronto 1 





Model B88 Shaker 
Long stroke, low frequency Shaker 
for aircraft structural vibration testing 


VIBRATION TEST EQUIPMENT 


For Tests to Air Force, JAN, MIL and Other Specifications 
(Environmental testing, structural response determination and fatigue testing) 


COMPLETE SHAKER SYSTEMS — Consisting of: l. Electrodynamic Shakers with force-outputs from 25 to 
12,500 Ibs, 2. Power Supplies, either Rotary or Electronic, for operation over frequency ranges from 1 c.p.s. to 
5,000 c.p.s. 3. Control Consoles containing all controls, indicators and interlocks for safe and accurate operation. 
4. Accessories for (a) automatic programmed testing (b) indication of shaker vibration level (c) reduction of 


stray magnetic field. 


CALIBRATION SYSTEMS: Complete factory calibrated systems for rapid and accurate calibrations of 


vibration pickups by ratio methods. 


ACCELEROMETERS — D.C. operated accelerometers of exceptional sensitivity are available in standard 
ranges from 5 to 50 g. Typical corresponding natural frequencies from 200 to 500 c.p.s. 15 volts output at 
rated g. Accessories designed for use with these accelerometers include compact nesting battery power 
supplies and coupling circuits as well as A.C. operated supplies. 


STANDARDS — The Calivolter is a precise tool for voltage standardization and general calibration work. 


Easily checked against primary laboratory standards. Accuracy to 0.5% DC to 10 KC. 


Ask for technical data or engineering help on your Vibration Test problem. Write today. 


Model 83 Control Console 
All controls, indicators for 
operating 12,500 pound force system 


ji 


Model 45 
Rotary Power Supply 


Motor Alternator & 


d Motor Generator Sets 
a for operation of 600 
EN" and 1250 pound force shakers 


Model A23 Calivolter 
For Calibration, Voltage and 
Frequency Response Measurement 
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Model 82 Shaker 
12,500 pound force output 


THE 


CALI DYNE 


COMPANY 


120 CROSS STREET WINCHESTER, MASSACHUSETTS 


SALES REPRESENTATIVES: 
WALTHAM, MASS 
Robert A. Waters, Inc 
Woitham 5.6900 
NEW HAVEN, CONN 
Robert A. Waters, inc 
Fulton 7-6760 
NEW YORK CITY AREA 
G. C. Engel & Associotes 
Rector 2.009) 
RIDGEWOOD, NEW JERSEY 
G. C. Engel & Associotes 
Gilbert 4.0878 
PHILADELPHIA, PA 
G. C. Engel & Associates 
Chestnut Hill 8-0892 
NORTHERN NEW YORK 
Technical Services Co., Boston 
Capitol 7.9797 
CLEVELAND, ONIO 
M. P. Odell Co 
Prospect 1-6171 
DAYTON, OHIO 
M. P. Odell Co 
Oregon 444) 
WASHINGTON, D. C. 
F. R. Jedon, inc 
Woodley 6-2615 


SOUTHEAST 
W. A. Brown & Assoc 
Alexandria, Vo 
Overlook 3-6100 


CHICAGO, ILLINOIS 
Hugh Marsiand & Co 
Ambassader 2-)555 
INDIANAPOLIS, INDIANA 
Hugh Morsiond & Co 
Giendoie 2802 
MINNEAPOLIS, MINN 
Hugh Marsieond & Co 
Colfex 7949 
DALLAS, TEXAS 
ohn A. Green Co 
Dizon 9918 
HOLLYWOOD, CALIFORNIA 
©. B. Miller Co 
Hollywood 9-6305 
SAN FRANCISCO, CALIF 
G. 8. Miller Co 
{өн 3.3438 
ALBUQUERQUE, NEW MEXICO 
G. B. Miller Co 
Albuquerque 5 8606 
SEATTLE, WASH 
G. B. Miller Co 
lander 332 
CANADA 
Measurement Engineering Ltd 
Arnorior, Ont. Phone 400 
Toronto, Ont. Mayfair 8660 
EXPORT 
Rocke International Corp 
3 East 40%) St N. Y. 16, N. Y 
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The New, Improved Arkwright Tracing Cloths provide a greater 
transparency and a finer finish. 


Longer life and sharper prints are the results of Arkwright’s 
increased transparency. 

“Blobbing” and “’Feathering” eliminated. Arkwright’s finer 
finish gives an unequaled working surface, which withstands an 
endless amount of erasing and still delivers concise, clear lines. 


Make it a habit to use Arkwright all of the time. You can 
never tell when a “preliminary” will be urgently needed at a 
later date. 

Write for a free sample. See 

why, throughout America, more 

Arkwright made tracing cloth is 

sold than all other domestic 

makes combined. Look for the 

rolls with the blue line that iden- 

tifies "America's Standard", 

Arkwright Finishing Co., Indus- 

trial Trust Building, Providence, 

Rhode Island. 
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(M-41) REPRODUCTION MATERIALS 
—Book, 3 pp, rescribes variety of 


materials and applications available to 
users of the diazo-type (whiteprintr) 
reproduction process. Tecnifax Согр.. 


195 Appleton St., Holyoke, Mass. 


(M-42) COUNTING MACHINES—Cat 
alog, 8 pp, contains descriptions of 
the various models, numerous applica 
tions for varied industrial uses. F. B 


Redington Co., 109 S. Sangamon St 
Chicago 7, Ill. 


(M-43) DATA PROCESSING EQUIP 
MENT—Bulletin CEC 1301, 12 pp 
Photographs, technical specifications 
and descriptive functional diagrams de 
scribing recording oscillographs, gal- 
vanometers, amplifiers, power supplies, 
matching networks, velocity and pres- 
sure pickups, vibration meters, oscillo 
gram processors and analog-to-digital 
converters. Consolidated Engineering 
Corp., Pasadena 15, Calif. 


(M-44) TEMPERATURE CONTROL — 

Bulletin 104, 2 pp, covers Model 0-15. 
primarily used for controlling tempera- 
tures up to 1800 F, where a wide and 
easily adjustable range is required 
Burling Instrument Co. 16 River 


Road, Chatham, N. J. 


(M-45) HAND AND Foot VALVEs— 
Bulletin 303B, 20 pp, describes the 
valves in detail together with installa- 
tion data, parts lists and exploded 
views. Colored air flow diagrams are 
also provided. Ross Operating Valve 
Co., Dept. 3104, 120 E. Golden Gate 
Detroit 3, Mich. 


(M-46) DiRECT-WRITING OSCILLO 
GRAPH—Booklet, 8 pp, describes a 
wheeled floor model of this type of 
recording device. Cutaway drawing 
shows construction and circuit dia- 
grams are also provided. Offner Elec- 
tronics Inc, 5320 N. Kedzie Ave.. 
Chicago 25, Ill. 


(M-47) IMPACT SOCKETS, EXTEN- 
SIONS, ADAPTERS—Brochure 29-A, 6 
pp. Specifications and drawings are in- 
cluded for impact sockets with 1 in 
female square drive, for use on hex 
nuts measuring up to 554 in. across 
flats; similar information is provided 
for 114 in. and 24 in. female square 
drive sockets, for use on hex nuts 
Apex Machine & Tool Co. 1039 S 
Patterson Blvd., Dayton 2, Ohio. 
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e, 


does so many things 


so well? 


For the perfect working surface, 
for ghost-free prints, for proven 
stability - Clearprint Technical 


Paper has no equal. Since its in- 
troduction in 1932, other paper 


makers have strived to duplicate 
Clearprint's quality. None has 
succeeded. Your drawings deserve 
this superior paper. Insist on gen- 
uine Clearprint, watermarked for 
your protection. 


THERE'S A CLEARPRINT PAPER 
FOR EVERY JOB 


Tracing Paper . "Papercloth" 
Technichart Graph Papers 
Federal Aid Sheets 
"Fade-Out" Grid Paper 


IN SHEETS, PADS and ROLLS 


D — | ^ 
E LEE ЕИ Э — CLEARPRINT PAPER CO. (PH) 
1482 - 67th St., Emeryville, Calif. 
O Please send me Clearprint Paper samples, with prices, for 


the following uses: 


Please have your representative call at my office. 


lieu. cum au. cdi aie? WE wines ab ul aoe qui di 
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5 
"КАЙ TEST — ТАРАС ТЕМ OP өле! 


‘*Picturized’’ Testing with SCOTT TESTERS*—-your Key to 
Quality Control of Materials, Processing, Fabrication 


COMPRESSION CUTTING “ACCR-O-METER” TENSILE — HYSTERESIS NBS MOONEY 


Scott Tester Model R tests in Equipped with Scott's newest clectronix Here is the famed patenicd Only the SCOTT NBS contains 
conformity with standard speci refinement, standard Scott Testers open "Incline-plane'"" tester for tc! exclusive features that make pos 
fications for resistance-to-cutting new horizons of tensile testing. provid sile and hysteresis “picturized sible modern methods of deter 
of wire insulation and com ing unbelievably accurate large-scale. or analysis of plastic, fiber, metal mining VISC OSITY, SCORCH 
pounds required to withstand "blown-up", pictures of material under strips and foil. wire, cords and CURE characteristics of 
rough use test such as textiles. plastics. wire etc up to 50 Ibs. tensik elastomeric compounds and as 

lamination bond, etc., etc. sure reproducibility of results 


Always remember—Scott World Standard Testers are in conformance with (and often are specifically named in) 
the specifications of U. S. and foreign requirements, viz: A.S.T.M. D13 Textile, D11 Rubber, D20 Plastics, Di4 
Adhesives, D6 Paper, D9 Electrical Insulation, B4 Radio Tubes and Electronic Devices; similar ISO specifica 
tions; Federal Specifications from General Services Administration Offices, Navy including MIL, JAN and AN, 
from the Bureau of Supplies and Accounts; Air Force from Wright Air Development Center; Army Specifications 
from Army Supply Installations. "Trademark 


S € O T T T E S T E a S 1 N с . 119 Biockstone St., Providence, К. 1. 
STATE YOUR PROBLEM — 
7 / 
CZ coh A Fests e canda 74 af й C Ot 1 /7 TESTING PROBLEM 


' | S OUR BUSINESS 
We Specialize in 


— NYLON 


HYDRAULICS 


ELECTRONICS MOLDING 


MECHANICAL 
DEVICES? Nylon and other thermo- 


plastics are more and more 


being engineered into ma- 


Eun chinery, equipment, and ap- 


PARAMETERS] '""""™ 
If these materials can be 


+ +++ Offers the facilities of its uniquely qualified staff used in your products, let us 
and well equipped plant to service your needs. show you how our engineer- 


THEORETICAL ANALYSIS PRODUCT DEVELOPMENT ing, mold building, and pro- 
TEST ANALYSIS LIMITED MANUFACTURE duction facilities can serve 


you. 
Please direct your inquiry to: ч 


Liaison Engineer 


PARAMETERS, INC. BYRD puastics inc. 


195 Herricks Road * Garden City Park, L. I., New York 2950 WEST 12TH ST., ERIE, PA. 
Ploneer 6-0155 
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Catalogs and Bulletins continued 


(M-48) INDUSTRIAL SLIDES—Selector 

Charts. Over 200 sliding mechanisms, 

ranging in load capacities from 25 to 

500 Ib, are described in these selector 

charts. Variations are included for 

underneath and top and bottom GOOD 
mounting in addition to regular slide 

installations. Grant Pulley & Hard- 

ware Corp., 31-85 Whitestone Park- 

way, Flushing 54, N. Y. 


(M-49) POWER  SuPPLY—House 
Organ, 4 pp, includes technical char- 
acteristics and articles concerning the 
fields of magnetic amplifiers and power 
supplies. Perkin Engineering Corp., 
345 Kansas St., El Segundo, Calif. 


(M-50) Time DeLay RELAY—Bul- 
letin SR-6, 2 pp, decribes two types 
of the Model NEH time delay relay, 
giving dimensions, mounting arrange- 
ments, terminal arrangements and wir- 
ing diagrams. Elastic Stop Nut Corp. 
of America, 1027 Newark Ave., Eliza- 
beth, N. J. 


(M-51) RECORDING BALANCE—Bul- Let your drawing board provide the 

letin, 4 pp, describes principle of 2 Ж : 1 

operation and functioning of this in- convincing answer in a practical test of 
strument designed for the observation Holliston’s Pel-X and Micro-Weave Tracing 

and recording of small, rapidly chang- 

ing forces with respect to time. Cloths 

Sharples Corporation Research Labo- 

ratories, 424 W. 4 St., Bridgeport, Pa Why not turn to your advantage a 


quality of tracing cloth that not only 
(M-52) REMOTE READING LIQUID 1 11 h d ы 
LEVEL GAGES—Catalog 246, 8 pp, CETT equais aii others in normal workability 


covers three standard types of gages d A but in many particulars is definitely 
Description and schematics showing / | "be а 

operations, schematics and charts illus- Pre-K tter. 

trating three types of datum columns, TU. 

illustrations and descriptions of typ- 
ical applications and information on 


visible and audible alarms and repeat- board. You can prove to yourself, as 


ers are included. Jerguson Gage & = “е have so many draftsmen all over the 
Valve Co., 80 Fellsway, Somerville 45, 


Mass. Мерве \ country, that Holliston MICRO-WEAVE 
(«е * j 1 1 i 
acme com / —in white or blue for ink or pencil— 
Data sheet gives detailed specifications, — and Holliston PEL-X—water repellent 
actual size illustrations, schematic finish— are rated as the "BEST." 
drawings, ranges, resistance and or- 
dering information. DeJur-Amsco 


Corp., 45-01 Northern Blvd., Long Is- 
land City 1, N. Y. 


(M-54) COUNTERS—Catalog, 54 pp, THE HOLLISTON MILLS. INC. 


ontains descriptions, specifications, 

w л i n b. ^et i " NORWOOD, MASS. 
»hotographs anc engineering raw- a 

н Brap B — МЕМ Y \ PHILADELPHIA e CHICAGO 
ings of stroke, rotary, revolution, apes tM {г 


^ 


> The ultimate test is your own drawing 


v 
"4 
Sing oe 


(M-53) SEALED PANEL METERS 


Write for generous samples—today! 


1 leadershir 


lineal, measuring, time and unit count- 
ing mechanisms. Durant Mfg. Co., 
Milwaukee 1, Wis. 
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" Increase your Efficiency £ 
ALVIN LEAD HOLDER 
and LEAD POINTER 


- ++ precision designed for you! 


ALVIN MECHANICAL LEAD HOLDERS 
@ Sure-grip methanism prevents lead from 
slipping or turning @ Push-button, coil spring 
action quickly adjusts lead to desired length 
@ Perfectly balanced, featherweight bar- 
rel of hard rubber .. . fits hand comfort- 
ably for effortless drawing @ Modern 
design in jet black finish and precision 
made of quality materials for trouble- 
free service, $1.35 with clip. $1.25 
without clip. 


PARAMOUNT Drawing Leads in 18 de- 
grees-7B to 9H. $.75pertubeof 12 leads. 


ALVIN PRECISION LEAD POINTER 
@ Eusy-to-operate. Few easy turns 
quickly sharpens any standard size lead 
fto precise point desired @ Retains 
graphite dust @ Keeps hands clean 
| @ Fool-proof construction assures 
| years of efficient service. $1.75 No. 5000 


Vw 


Send for Y 


see your local dealer or order BR. FREE 
by number . . . TODAY | 60 page 


ALVIN & COMPANY CATALOG 
Windsor 7, Conn. 


ECONOMICAL 
TIME SAVING 
ORDERLY 


TRACINGS 

BLUE PRINTS 
DRILL RODS 
GLASS TUBING 
SPAGHETTI 
SHEET MATERIAL —— 
ENGINEERS © ARCHITECTS © BUILDERS e DRAFTSMEN 
DETAILERS © TOOLMAKERS © MACHINISTS e CLERKS 
A MULTIROLL FILE CONTAINS 49 TUBES, 134" 1.D. IN A REINFORCED 


CORRUGATED BOARD CONTAINER. CAN BE STACKED. 
Model 49AB 49CD 4930 4936 4942 4954 


Depth my” 224" 302“ 362“ 421/2" 541/2" 
Ship. Wt. 8 Ib. 14 ib. 16 Ib. 19 Ib. 22 Ib. 28 Ib. 
Price $5.25 $7.35 $8.85 $9.95 $10.85 $12.95 


F.O.B. Utica, Mich. Enameled Dark Green or Medium Gray. 


ROLL & FILE SYSTEMS, INC. * P. O. BOX 3863, DETROIT 5, MICH. 
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(M-55) DECIMAL EQUIVALENI 
CHART—Plastic-coated, desk-size deci- 
mal equivalent chart, offered by John 
Hassall, Inc, Box 2233, Westbury, 
N. Y 


(M-56) RECORDING OSCILLOGRAPH 
—Bulletin CFC-1521A, 11 pp, de 
scribes multi-channel unit for engi- 
neering testing and evaluation. Con- 
solidated Engineering Corp., 300 N 
Sierra Madre Villa, Pasadena 15, Calif 


(M-57) STAINLESS STEEL STRIP CAL- 
CULATOR uses as variables the length 
and weight of cold-rolled strip and 
translates into pounds any length and 
width, according to its gage. The cal- 
culator indicates widths from V$ to 12 
in., length from 100 to 10,000 ft and 
gages from 0.003 through 0.150 in. 
On reverse side is a slide table to de- 
termine the weight of stainless coil 
steel, using as variables the coil's in- 
side and outside diameters. Ulbrich 
Stainless Steels, Wallingford, Conn 


(M-58) MINIATURE REPEAT CYCLE 
TIMERS — Bulletin AWH-RC200, 2 
pp, contains information on a line of 
miniature, hermetically-sealed repeat 
cycle timers. Describes cycling time, 
timing accuracy and determination of 
timing tolerances. A. W. Haydon Co., 
230 N. Elm St., Waterbury, Conn. 


(M-59) FLAT GROUND TOOL STEELS 
AND DriLL Rops—Wall chart gives 
stock sizes of flat ground tool steels 
and drill rods. Uddeholm Co. of 
America, Inc, 155 E. 44 St, New 
York 17, N. Y 


(M-60) VIBRATION METER—Bulle 
tin CEC-1505C, 4 pp, provides sensi- 
tivity, range, frequency response and 
other engineering data on device for 
determining amplitude and velocity of 
almost any type of oscillatory motion 
Consolidated Engineering Corp., 300 
N. Sierra Madre Villa, Pasadena 15 
Calif 


(M-61) BOILER WATER LEVEL CON- 
TROLS—Catalog, 24 pp. Engineering 
information is provided, including 
capacity curves and roughing-in di- 
mensions. Parallel data on the differ 
ent models is arranged in tabular form 
for ready comparisons. Both a table 
of contents and an index are provided 
to facilitate ready reference and selec- 
tion. McDonnell & Miller, Inc., 3500 
N. Spaulding Ave., Chicago 18, Ill. 
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USE TIME-SAVING COUPONS BELOW 


... fo request further information on 


all products advertised in this Handbook Section 


... fo request your copies of product catalogues 


and bulletins listed and described in this section 


(You will find similar coupons at the end of each Handbook Section ) 


CONSULT THE PRODUCT INDEX 
beginning on Page 12, when you 
want all available information on 
a particular type of product: this 
Product Index is your guide to all 
advertisements in this Handbook 
issue by manufacturers of this 
type of product. 


CIRCLE THESE NUMBERS FOR FURTHER INFOR- 

MATION ABOUT ADVERTISERS APPEARING IN 
THIS SECTION 

A24 А258 А29 A30 A3]  AT32 

ABR32 A33  ATR34 ABL34 


ABL32 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION 


M41 M42 M43 M44 M45 M46 M47 
M48 M49 M50 M51 M52 M53 M54 
M55 M56 M57 M58 M59 M60 M61 


For specific information about products: 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise 
ment, will be welcome. For clarity and prompt 
service, include reference to Product Engineer- 
ing's Product Design Handbook issue for 1956, and 
page number of advertisement prompting your 


CIRCLE THESE NUMBERS FOR FURTHER INFOR- 
MATION ABOUT ADVERTISERS APPEARING IN 
THIS SECTION 

A30 A31  AT32 
ATR34 ABL34 


A24 A25-8 A29 
ABR32 A33 


ABL32 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION 


M41 M42 M43 M44 M45 M46 M47 
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NEW BOOKS 
Metals and Alloys 


Metallurgy of the Non-Ferrous 
Metals by W. H. Dennis, B.Sc. 
(Lond.), A.M.I.M.M., Metallurgical 
Engineers, 512 x 9 in., 647 pp. Pub- 
lished by Pitman Publishing Corp., 
2 W. 45 St., New York 19, N. Y. 


$12.50. 


All of the non-ferrous metals are 
included. Each chapter deals with a 
specific metal and information as to 
occurrence, extraction, refining and al- 
loying is included. 

The 22 chapters are quite short but 
there is enough information in each to 
warrant use of the book as a valuable 
reference. A short 
given 


bibliography is 
at the end of each chapter. 
Three appendices at the end of the 
text round out the book. 


Dictionary of Metallography by R. 
T. Rolfe, 514 x 834 in., 287 я 
Published by Chemical Publishing 
Co., Inc., 212 Fifth Ave., New York, 
NT.» 


A compilation of definitions of 
1350 terms found in metallographic 
practice and an encyclopedic treatment 
as well. Included in this work are per- 
tinent terms from the collateral sci- 
ences, such as micrography, macrog- 
raphy, radiography, mechanical and 
magnetic testing, chemistry, physics 
and physical chemistry. 

The terms are defined in detail thus 
making an excellent reference book 
for the metallurgist and engineer. 


Thermal Conductivity of Metals 
and Alloys At Low Temperatures 
by Robert L. Powell and William 
A. Blanpied, National Bureau of 
Standards Circular 556. 68 pp. Or- 
der from the Government Printing 
Office, Washington 25, D. C. $0.50. 


Accurate data on the thermal con- 
ductivity of construction materials at 
low temperatures are essential in the 
design of cryogenic equipment. Such 
data on pure metals also have impor- 
tant applications in basic physics. 

This Circular was prepared by the 


A36 


NBS-AEC Cryogenics Laboratory of 
the NBS Boulder Laboratories to sat- 
isfy the need for a complete and au- 
thoritative compilation of the useful 
but widely scattered data on thermal 
conductivity at low temperatures. It 
includes table of measured values of 
thermal conductivity for metals and 
alloys from room temperature down to 
approximately 0 deg K. The more ex- 
tensive and important data are plotted 
in 48 graphs. The data are essentially 
complete for literature reference from 
1900 to early 1954 


Titanium in Industry by Stanley 
Abkowitz, Materials Engineer, Al- 
loy Development Section, John J. 
Burke, Chief Phase Transformation 
Section and Ralph H. Hiltz, Jr., 
Metallurgist, Metallograpbic Sec- 
tion, Watertown Arsenal Lab. 6 x 
914 in., 224 pp. Publisbed by D. 
Van Nostrand Co., Inc., 250 Fourtb 
Ave., New York 3, N. Y. $5. 


Presents a number of the fundamen- 
tals pertinent to the titanium industry. 
The subjects included in this volume 
are production, properties and fabri- 
cating processes. There are chapters 
describing alloying, heat treatment, hot 
and cold shaping, casting and powder 
metallurgy, joining, machining and 
grinding. 

Surface properties, corrosion resist- 
ance, coatings and cleaning are dis- 
cussed and a chapter on chemical 
analysis and metallography is included. 
Bibliographies are given at the end 
of most chapters providing readers 
with additional reference material. 


Fatigue of Aluminum by R. L. 
Templin, Assistant Director of Re- 
search and Chief Engineer of Tests, 
Aluminum Co. of America, New 
Kensington, Pa. 64% х 914 in., 59 
pp. Published by ASTM, 1916 Race 
St., Philadelphia 3, Pa. $1.50. 


Starting with a short discussion of 
fatigue phenomena and the funda- 
mental mechanism of fatigue failures, 


the author goes on to evaluate fatigue 
properties and the factors affecting 
fatigue strength. Test methods are de- 
scribed and data shown. These cover 
metals other than aluminum, the dif- 
ferent aluminum alloys and includes a 
report on fatigue data of cast versus 
wrought aluminum alloys. 

The influence on fatigue strength of 
cold work and heat treatment, grain 
and 


orientation, inclusions 


strain 


size and 


voids, internal and size effect 
are explained. This part of the discus- 
sion is concluded with notes on coat- 
ings and platings, environmental pro- 
tection and stress raisers. 

This book it a noteworthy treatment 
of the subject of fatigue and should be 


a valuable reference. 


Symposium On Effect of Tempera- 
ture On The Brittle Behavior of 
Metals With Particular Reference 
to Low Temperatures. ASTM Spe- 
cial Technical Publication No. 158. 
6 x 9 in., 474 pp. Published by the 
American Society for Testing Mate- 
rials, 1916 Race St., Philadelphia 3, 
Pa. $7.50. 


This symposium was sponsored by 
the low temperature panel of the 
ASTM-ASME Joint Committee on 
Effect of Temperature on the Proper- 
ties of Metals, and should prove useful 
to designers, engineers and metallur- 
gists because the papers deal with the 
joint role played by metallurgical and 
mechanical factors and their influence 
on the brittle behavior of metals at 
low temperatures. 

The treatment of structural carbon 
steel receives more attention than 
other metallic materials. The phenom- 
ena of brittle fracture are explored and 
discussed as well as the variable re- 
sponse to variations in stress systems, 
strain rates and size effects. The book 
includes sections on the significance 
and reliability of notch toughness tests 
and certain aspects of current research 
on these subjects 

New data on titanium, quenched 
and tempered steels at high strength 
levels, and several types of cast irons. 
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Metals and 
Alloys 


and Alloys 


Power 
Transmission 


Engineering Survey on Ductile Iron 

Vanadium and Molybdenum in Manganese Cast Steel by Charles C. Spencer Fastening 
Strength of Cast Alloys at 1,200 F by Joseph R. Lane — 
New Designations for Aluminum Alloys 

New Aluminum Forging Alloys 

Effect of Elevated Temperatures on Mechanical Properties of Magnesium Motors, Engines 
High Temperature Properties of Nimonic 95 and Controls 
Nickel-Aluminum Alloys for High Temperature Applications 

Cermets for Thermal Shock by J. A. Stavrolakis 

Cermets of Titanium Carbide with Nickel Binder E 
Stress Rupture and Tensile Strength of Thermenol Components 


Fabrication Properties of Pre-Plated Metals 





Table 1—Minimum Properties of Cast Irons 


Tensile 


| 

| 

Spec No. Strength psi | 
| 





ASTM A-47-52 | | 
Сгаае 32510 
Grade 35018 





ASTM A-220-50 
Grade 43010 
Grade 48005 
Grade 53004 
Grade 60003 
Grade 70002 


Pearlitic Malleable. . 


SAE 0022 
SAE 0030 
SAE 0050 


| 


Carbon Steel. 


SAE 080 
SAE 090 


Low Alloy Steel.... 


ASTM A-339-SIT 
Grade: 60-45-10 
Grade 80-60-03 


Ductile Iron 


U. S. Army Ord. 
MIL-1-17166A 
1 (120-90-02 

2 (100-75-04 
Ductile Iron 3 ) 85-60-6 


4 ( 80-60 
5 ( 60-45 
6 ( 60-40 





SAF Journal 


| 
| Elongation 
| percent 


Yield 


I 
Brinell | ы 
Point psi ‚= | Condition 


| Hardness 


32,500 
35,000 


43,000 
48,000 
53,000 
60,000 
70,000 


not specified 


35,000 
45,000 
70,000 
40,000 
66,000 


annealed 
as-cast 


normalized, quenched & drawn 
| normalized and drawn 
as-cast 
as-cast 
annealed 
annealed 


Engineering Survey on Ductile Iron 


GRAY CAST IRON, malleable cast iron and ductile cast iron 
may in a general way be considered to be steel containing 
graphite. The properties, however, are determined in 
part by the graphite and in part by the steel-like matrix of 
ferrite, pearlite, tempered martensite or other structure. 

One important factor in determining the properties of 
cast iron and in distinguishing them from those of steel 
lies in the quantity, size, shape and distribution of the 
graphite. In gray irons, the graphite appears as a flake. 
In this form it interferes with the continuity of the matrix 
and the ends of the flakes may act as internal notches or 
stress raisers. In malleable irons the graphite exists in 
compacted aggregates having a considerable free space of 
matrix between. This structure permits ductility. In 
nodular or ductile irons the graphite approaches a true 
sphere. There is minimum interference with the continuity 
of the matrix, resulting in strengths and ductilities that in 
some instances approach those of the steel-like matrix. 

A comparison of the specifications of ductile iron, malle- 
able iron and plain steel castings is given in Table I; these 
properties are the minimums rat can be expected. Note 
that the specification numbers of the ductile irons represent 
tensile strength, yield strength and elongation. For example, 
120-90-02, is a ductile iron having a 120,000 psi tensile 


B2 


strength, 90,000 psi yield strength, and a 2 per cent mini- 
mum elongation. In Table II is given the chemical com- 
position, mechanical properties, characteristics, and applica- 
tions of each of the ductile irons. 

The chemistry of the material, the section size of the 
part, and the temperature of the application, all influence 
the mechanical properties of ductile cast iron. 


Mechanical Properties 


A definite relationship exists between tensile strength, 
elongation and hardness of ductile iron, in all types except 
the austenitic group. The ratio of tensile strength to Brinell 
hardness is about 420 for material in the as-cast or annealed 
condition (types 60-45-10, 60-40-15, 80-60-03), and in- 
creases to about 470 for irons that have been normalized 
or oil-quenched and drawn (types 100-75-04, 120-90-02). 
Fig. 1 shows the relation between hardness and mechanical 
properties. In Table III is listed the wide range of mechan- 
ical properties obtainable through heat-treatment for one 
of the irons. Tensile strength, yield strength and hardness 
increase with changes in the material condition. 

This relationship is useful since a simple hardness meas- 
urement gives a reasonable indication of mechanical prop- 
erties, provided the casting is sound and free of primary 
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Fig. 1—Variation of tensile strength, yield strength and 
elongation with Brinell hardness for as-cast, annealed and 


heat treated ductile iron. SAE Quarterly Journal 


carbide. Castings having sections less than 4 in. thick may 
contain primary carbide and the relationship would not 
apply to such parts in the as-cast condition. Light sec- 
tioned castings are usually heat-treated unless primary 
carbides are required for service performance. After 
elimination of the carbides by heat-treatment, light sections 
respond to the Fig. 1 hardness-mechanical relationship. 
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As-cast Ductile Iron—Tensile strength area lines, Fig. 1, 
represent the T/B (tensile strength/Brinell hardness) ratio 
values of 420 and 470. Less than 2 per cent of the points 
tested fall outside these limits. The dotted line shows the 
most frequent strengths obtained with as-cast and annealed 
irons. Heat-treated materials fall in this same area. 

Yield strength values fall within the parallel bands shown 
in Fig. 1. The dotted line is the average of results measured. 
The ratio of yield strength to tensile strength varies between 
65 and about 80 per cent. 

The curved range at bottom of Fig. 1 shows the relation- 
ship between Bhn and elongation. Again, the dotted line 
is the average value for as-cast iron. It has been observed 
that for any given hardness the elongation is higher if the 
T/B ratio is high, and lower with a low T/B ratio. 

Property limits, at the left hand portion of Fig. 1, carry 
over as might be expected even though about half the points 
in this zone were obtained from an annealed iron rather 
than as-cast iron. Iron having a Bhn less than about 200 is 
predominately ferritic in structure—as obtained in anneal- 
ing—whereas a higher Bhn indicates a pearlitic structure. 

Ductile iron in which manganese and other pearlite- 
stabilizing elements are absent has approximately the same 
mechanical properties as in the as-cast state after a full 
anneal. 

Annealed irons are completely stress relieved and the car- 
bides more fully decomposed than in ferritic as-cast iron 
Toughness and ductility are, therefore, superior. 


Heat-treated Ductile Iron—Engineering properties can be 
varied by heat-treatment. The relationship between Bhn 
and tensile strength is not altered, Fig. 1, but there is an 
increase in yield to tensile ratio. For any given hardness the 
yield strength of oil-quenched and tempered materials is 
considerably higher than for the as-cast irons. Where irons 
have been air-quenched and tempered, the yield strengths 
lie between those of the oil-quenched and the as-cast 
condition. 

The elongation of the quenched and tempered irons 
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Fig. 2—Influence of silicon content on the mechanical properties of ductile iron, 3.50 


per cent C, l in. section, for (A) as-cast and (B) annealed conditions. 


Product Engineering — Mid-October, 1955 


SAE Quarterly Journal 





Table II—Types and Applications of Ductile Irons 


TYPE 


60-45-10 


CHEMICAL COMPOSITION—TYPICAL RANGE 


Total Carbon 
Silicon 

Manganese 
Phosphorus 

Nicke! 

Magnesium 
Molybdenum 
Carbon Equivalent * 
Chromium 


MECHANICAL PROPERTIES 


Tensile Strength — psi 
Yield Strength —psi 
Elongation 
Brinell Hardness 
Charpy Impact 


% in 2 in. 


(Unnotched ) 


CHARACTERISTICS 


APPLICATIONS 


*Carbon equivalent is the total carbon plus !$ silicon. Applies only 
to castings 2 in. thick and over. 90% min ferrite required in micro- 


srtucture at 50 X. 


TYPICAL RANGE 


60 , 000-80 , 000 
45 ,000-60 , 000 
10-25 
140-190 
60-115 


Maximum toughness and machinabil- 
ity. Weldability is second only to 
austenitic grade. Structure essen- 
tially ferrite achieved in the as-cast 
condition or by annealing. Capable 
of being flame or induction hardened 
although not as readily as type 80 
60-03. 


Pressure castings —valve and pump 
bodies, compression heads, pipe, fi- 
tings. Shock resistance parts for 
automotive, agricultural, machine use- 
clamps, journal boxes, gear housings, 
hitches, manifolds, axle pivot hous- 
ings, fan and wheel hubs, electric 
motor frames. 


90, 000-110 , 000 
60, 000-75 , 000 
3.0-10.0 
200-270 
15-65 


Maximum strength in as-cast condi- 
tion; excellent wear resistance, good 
machinability and toughness. Essen- 
tially pearlitic structure which re- 
sponds readily to flame or induction 
hardening. Sometimes cast against 
a chill to provide a carbidic, abrasion 
resistance surface. 


Wear and strength applications for 
automotive, diesel, agricultural, 
heavy machinery, mining, paper, 
textile, and others. Applications such 
as hammer, anvil, press side frame, 
beds, shakeout tables, impellers, 
levers, gears, crankshafts, sheaves, 
cams, rolls, dies, pinions, pistons. 


— 


100-75-04 


100, 000-120 , 000 
75 ,000-90 , 000 
6.0-10.0 
200—240 
35-50 


This type is usually normalized and 
drawn although it may be alloyed to 
produce these properties without heat 
treatment, or may be quenched and 
drawn. It provides an excellent com- 
bination of strength, toughness and 
wear resistance. It is readily flame or 
induction hardened 


Gears, crankshafts, camshafts, pis- 
tons, agricultural implement parts 
such as bolsters, bolster forks, ratch- 
ets, governor weights, track shoes, 
reactor brake drums. 


**Although resistance to oxidation increases with silicon content and is excellent 
at 6% Si, most castings are made with 3.0-4.5% Si, which provides the best 
compromise between mechanical properties and oxidation resistance. 


Table III —Effect of Heat Treatment on Ductile Iron 


CHEMICAL ANALYSIS 


Total Carbon Silicon Manganese | Phosphorus Nickel 


3.50% 2.75% 0.35% 0.04% 1.00% 


MECHANICAL PROPERTIES 


Brinell 
Hardness 


Yield 
Strength psi 


Elongation 
per cent 


Tensile 


Condition Strength psi 


As - cast 105,000 70,000 6 240 


Annealed * 66.000 51,000 20 


Normalized 


and Drawnt 134,000 91,500 


Oil Quenched 


and Drawntt 136,000 


152,000 


*Held 3 hr at 1,650 F; furnace cooled to 1,275 F; held 5 hr; furnace cooled 
to 1,100 F; air cooled. 


tAustenitized 2 hr at 1,600 F; air cooled and drawn 1 hr at 1,200 F. 


ttAustenitized 2 hr at 1,600 F; oil quenched and drawn 1 hr at 900 F. 
Courtesty of INCO 


seem to be appreciably superior to those in the as-cast 
condition. 

The difference between heat-treated and as-cast material 
is that the untreated castings contain internal stresses and a 
small amount of primary carbide. 


Effect of Chemistry and Section Size 


Maximum strengths of the ductile irons in the as-cast 
conditions are dependent upon the chemical composition 
and the section thickness. In general, compositional control 
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should be based on silicon content rather than carbon or 
phosphorus content. Figs. 2, 3 and 4 indicate the effect of 
these constituents on tensile and yield strength and elonga- 
tion. 

Carbon has little effect on the strength or other prop- 
erties of nodular iron. Phosphorus decreases the as-cast 
strength and should be restricted to the lowest practical 
value. Although phosphorus increases the annealed values, 
_ it causes embrittlement and should be restricted in use. 

Averaged mechanical properties of 2 and 4 per cent 
silicon ductile irons are shown in Fig. 5 for as-cast and 
annealed conditions at various section sizes. 

The degree to which properties of the ductile irons are 
lowered with increasing section is small in comparison with 
other cast metals. It is apparent that section sensitivity is 
slight for this material. 

Elongation, in general, decreases with increasing silicon 
content and section size. Ductility can be controlled by 
balancing these items. Maximum elongation is obtained 
by full annealing to produce a completely ferritic matrix. 
In this condition, elongation in excess of 25 per cent can 
be obtained in sections up to 3 in. thick. 

Some generalizations for nodular iron based on silicon 
content and section size are: 

l. The ratio of yield to tensile strength is changed 
appreciably by both silicon content and section thickness. 
The ratio of 0.75 generally used for ductile iron appears 
to be satisfactory for about 2 in. section thickness and 2.50 
per cent silicon. The ratio is increased with increasing 
silicon to as high as 0.827 for V4 in. section, 4 per cent 
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120, 000-150 , 000 
90, 000-125 , 000 
2.0-7.0 
240-5 

25-40 


This type is usually oil quenched and 
drawn although sections up to 1. 5 in. 
thick may be normalized and drawn. 
Alloying agents such as nickel or 
molybdenum should be used to obtain 
adequate hardenability in heavy sec- 
tions. This type provides excellent 
wear resistance and is readily flame or 
induction hardened to Rc 56-58. 


Pinions, gears, cams, machine guides, 
track rollers, idlers, tractor steering 
gear arms. 


f Max corrosion resistance and elevated temperature 


NAVY 60-40-15 


60, 000-70 , 000 
42,000—50,000 
18-25 
150-180 
75-115 


Maximum shock resistance at low 
temperatures, achieved by annealing 
treatment in conjunction with micro- 
structure and chemical analysis 
—— in MIL-I-17166 (SHIPS). 
eldability and excellent machin- 
ability similar to type 60-45-10. 


Navy shipboard use and other applica- 
tions requiring shock resistance, such 
as electrical equipment, motor frames, 
end shields, engine blocks, com- 
pressors, gears, hydraulic equipment, 
valves, staging clamps. 


properties obtained with a Cr content. Max ductility and 


toughness obtained with no chromium. 


| 


| 


| 


| 


HEAT RESISTANT 


60 , 000-100 , 000 
45,000—75,000 
0—20 
140-300 
5-115 


Maximum resistance to oxidation and 
growth. Sections less than 1 in. thick 
usually annealed for maximum di- 
mensional stability. Higher silicon 
contents imcrease hardness and 
strength but reduce ductility and 
toughness at room temperature 
although normal toughness із 
achieved at elevated temperatures. 


Furnace doors and frames grate bars, 
blast furnace parts, coke quenching 
car parts, sinter pots, reduction pots, 
lead pots, aluminum pouring troughs, 
glass molds and plungers. This type 
is not recommended for applications- 
involving severe thermal shock, such 
as ingot molds. 


tt25-40% with 0% Cr. 


8 METALS AND ALLOYS 


AUSTENITIC 


58 , 000-68 , 000 
32 , 000-38 , 000 
7-4011 
140-200 
10—28 


A highly alloyed austenitic iron with 
excellent corrosion and heat resist- 
ance. With a Cr content of 2.0 
2.5%. its elevated temperature 
strength is comparable to that of 18/8 
stainless steel. It is non-magnetic 
and is the most readily welded type 
of the ductile irons. 


Pumps and valves handling many 
corrosive materials, impellers, pro 
pellers, jet engine main bearing 
supports, heat resistant service, 
chemical process equipment, non- 
magnetic parts 


Courtesy 


f INCO 


silicon castings; and decreased to as low as 0.635 for a 6 in. 
section, 1 per cent silicon castings. 

2. Since straight-line relationships exist between mechan- 
ical properties and silcon content, and mechanical prop- 
erties and section thickness, approximate formulas can be 
written for calculating certain mechanical properties, if 
silicon content and section thickness are known. These 
formulas will hold only for fully annealed ferritic irons with 
spheroidal graphite structures and with 3.50 total carbon, 
0.50-0.40 Mn, and 1.20-1.50 nickel. 


Tensile strength — 50,000 -- 11,000 (46 Si) 
— 2000 (section. thickness, 

Bhn = 110 + 25 (% Si) 
—2 (section thickness, i 


іп.) 


Elongation = 23 —3 (% Si—1) 
— 1.0 (section thickness, 


Effect of Temperature 


Creep and stress rupture tests on the three basic types of 
ductile iron—ferritic, pearlitic and austenitic—have been 
reported in which the temperature ranged from 800 to 
1,200 F. In an additional test on the austenitic type the 
temperature ranged to 1,400 F. Below 800 F, creep of these 
irons parallel the behavior of steel Table IV summarizes 
the creep and stress-strain rupture data of the tests. 

At 800 F, creep values range from about 20 to 40 per 
cent of the ultimate tensile strength. On the basis of lim- 
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Table IV—Summary of Creep and Rupture Properties 
of Ductile Iron 


Limiting 
| Creep Stress 
(for 0. 0001 7 
| per hr min 
rate) psi 


Limiting Rupture Stress 


Temper- (psi) for Fracture in 


Type ature 
F 


10 hr 100 hr 1,000 hr 


Ferritic 800 
000 
, 200 
Pearlitic 800 19,000 65, 
1,000 1,750 26, 
, 200 480 Ps 
800 
1,000 
, 200 

, 400 


14,000 | 37,000 31,000 25,000 
4,000 13,000 10,000 7,500 
550 | 5,000 3,300 2,200 
000 52, 
000 17, 
100 4, 


000 42, 
000 9 
190 2 


000 
100 
400 
18,500 50,000 41 
13,000 33, 
5,700 15, 
2,000 7, 


‚000 35,000 
000 26,000 21,000 
500 12,000 9,000 
800 5,700 3,300 


Austenitic 


ASM Transactior 


iting creep stress values, the pearlitic and austenitic grades 
are essentially equivalent (19,000 psi and 18,500 psi re- 
spectively). The ferritic grade is much weaker with a 
limiting value of 14,000 psi. Short term rupture strength 
shows pearlitic iron to be superior to the ferritic and 
austenitic grades. Above 800 F, the creep values of the fer- 
ritic and pearlitic grades fall rapidly as the temperature 
increases. 

It would appear from these data that the ferritic and 
pearlitic grades should be limited to a maximum tempera- 
ture of about 1,100 F for long-time load carrying applica- 
tions when scaling resistance as well as strength is a 
consideration. They should be satisfactory, however, for 
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Fig. 3—Influence of carbon and silicon content on the 
mechanical properties of ductile iron, 4.15 per cent 
equivalent C, 1 in. section, for (A) as-cast and (B) 
annealed conditions. SAE Quarterly Journal 


many short-time applications or for essentially functional 
shapes 

In comparison with carbon steel, Fig. 6, it is evident 
that ferritic iron and low carbon steel have similar creep 
properties over the 800 to 1200 F range. Low carbon steel 
is, however, superior to ferritic iron, Fig. 7, on the basis 
of rupture strength. Austentic iron has superior strength at 
and above 1,100 F than the other two iron types. 

Elevated temperature tensile strength and elongation 
values for the three ductile irons are shown in Fig. 8. 
Ductility as well as strength of the ferritic and pearlitic 
grades decrease with increasing temperature. Above 1,100 
and: 800 F respectively, elongation rises sharply. 
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conditions. SAE Quarterly Journal 
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Fig. 1 Left—Yield point and ultimate tensile strength at 
drawing temperature for manganese cast steels. 


Fig. 2 Above—Jominy hardenability curves for 


the four ladles of manganese cast steels. 


in Manganese Cast Steel 


CHARLES C. SPENCER 


Electric Steel Castings Company 


MEDIUM MANGANESE CAST STEELS 
exhibiting excellent strength and duc- 
tility at medium carbon levels have 
been produced in large tonnages for 
many years. These steels are usually 
made in the range of 1.00-1.60 per cent 
managanese and 0.20-0.50 per cent 
carbon. They frequently contain an ad- 
ditional alloying element such as mo- 
lybdenum, vanadium, or chromium, 
and such combinations as manganese- 
molybdenum and manganese-vana- 
dium have found wide acceptance in 
the steel castings industry. 

Test work designed to obtain com- 
parative data on physical properties 
of medium manganese, manganese- 
vanadium, and manganese-molybde- 
num cast steels have been made. As a 
result of this work, it is concluded that 
in steels of the medium manganese type 
examined, and in the particular condi- 
tions of heat-treatment represented, the 
manganese-vanadium steels containing 
0.10 per cent vanadium were equivalent 
to the manganese-molybdenum steels 


Vanadium and Molybdenum in Medium 
Manganese Cast Steel 


containing 0.30 per cent molybdenum 
with regard to mechanical properties 
and hardenability. 

To obtain the physical property data 
desired on medium manganese, man- 
ganese-molybdenum and manganese- 
vanadium steel castings, a series of keel 
block ends were cast. To obtain an ac- 
curate comparison, the three analyses 
cast were made from the same heat of 
steel by means of ladle additions of 
vanadium and molybdenum to a med- 
ium manganese heat. 

Regular melting practice was fol- 
lowed in the production of the heat 
in which the keel block ends were cast. 
The heat was melted in a 5 ton, 2,500 
kva acid-lined furnace. The charge con- 
sisted of 40 per cent shop returns and 
60 per cent carbon scrap. Normal melt- 
ing practice involves oxidation of the 
heats with the use of both iron ore 
and oxygen. Carbon is reduced to about 
0.12 per cent carbon and the heat is 
recarburized with pig iron followed 
by a furnace addition of silicoman- 
ganese and ferromanganese immedi- 
ately prior to tap. Ladle deoxidation 
practice consists of the addition of 
l- lb aluminum plus 5 lb calcium- 
manganese-silicon per ton in the tap- 
ping ladle, and additions of 11⁄ lb 


aluminum plus 2 lb calcium-silicon per 
ton in the shank ladles. 

Keel blocks were poured from each 
of the four 375 lb shank ladles from 
the same heat, ladle additions being 
made as follows, Table I: (1) normal 
shank ladle—aluminum and calcium- 
silicon additions only; (2) vanadium 
addition plus normal aluminum and 
calcium-silicon additions; (3) molyb- 
denum addition plus normal aluminum 
and calcium-silicon additions; and (4) 
vanadium and normal aluminum and 
calcium-silicon additions plus a small 
addition of iron ore. 

The iron ore addition to ladle 4 
was made to study the effect, if any, 
of this addition on the ductility of the 
steel. All shank ladle additions were 
introduced from a sheet-metal chute 
into the metal stream from the teapot 
ladle. Four keel blocks were poured of 
each of these four ladles and analysis, 
hardenability data, and physical prop- 
erties were obtained. 

Chemical analyses, Table II, indicate 
that good recovery was obtained with 
all of the ladle additions. The original 
aim was a vanadium content of ap- 
proximately 0.10 per cent in ladles 2 
and 4, and in ladle 3 a molybdenum 
content of 0.25 to 0.30 per cent. 


Product Design Handbook Issue 





Metallographic examination of 
samples from bars of each of the four 
compositions indicated the predomir- 
ant inclusion type to be irregular sul- 
phides with occasional duplex sul- 
phides. No significant differences in 
type or quality of inclusions were ob- 
served among the specimens. 

Representative bars of the four 
steels were normalized and water 
quenched from 1,650 F and drawn 
at temperatures from 900 F to 1,200 F. 
Upon testing, the results shown in 
Table III were obtained. Note that the 
addition of 0.11 per cent vanadium to 
cast steel of the medium manganese 
type resulted in tensile and impact 
properties in the normalized and drawn 
condition similar to those obtained 
with the addition of 0.31 per cent 
molybdenum. 

After quenching and drawing, the 
vanadium treated steel appeared 
slightly superior. The addition of iron 
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Table I—Shank Ladle Additions 


Ladle 1, 
Normal 


Aluminum, lb... 

Calcium Silicon, Ib 
Ferrovanadium (55%V), Ib... 
Ferromolybdenum (60%Mo), 1b 
Ore. 


ore to the vanadium-treated ladle re- 
sulted in some loss of ductility in the 
tensile test of the normalized and drawn 
specimen. This lower ductility was re- 
flected in the appearance of a fracture, 
which was “irregular” as compared to 
at least a “half cup” in all other tests. 
On the other hand, the impact resist- 
ance of this steel was considerably in- 
creased. In the quenched and drawn 
condition, the differences were not so 
noticeable. In Fig. 1, the yield and 
tensile strength values for the normal- 


Ladie 2, | Ladle 3, Ladle 4, 
Vanadium (Molybdenum) V plus Ore 


0.35 3 
0.32 3 


0.35 | 
0.32 


ized and drawn steels are plotted 
against drawing temperature. 
Standard Jominy hardenability tests 
were carried out on samples from the 
bars from each of the four ladles, Fig. 
2. Note that the addition of 0.11 per 
cent vanadium increases the harden- 
ability, particularly the non-martensite 
hardenability, to a degree at least 
equivalent to that produced by 0.31 
per cent molybdenum. The iron oxide 
addition to the vanadium treated steel 
resulted in an even greater increase. 


Table Il—Chemical Analysis of Keel Blocks 


| ; 
Molybdenum, | Vanadium, 
per cent | per cent 


Silicon, 
per cent | 


Sulphur, 
per cent 


Phosphorus, 
per cent 


Manganese, 
per cent 


0.48 
0.49 
0.51 
0.51 


.036 | 
.038 | 
.036 | 
036 | 


1.29 
1.26 
1.24 
1.21 


0.024 
0.027 
0.025 
0.025 


Keel block 1.. 
Keel block 2.. 
Keel block 3 
Keel block 4 


0.04 
0.31 
0.04 


Table III—Physical Properties After Heat-Treatment 


Reduc- 
tion in 
Area, Izod, 
per cent ft-lb (2) 
I 


49.5 


Elonga- 
Yield Ultimate tion, 2 in. 
Point, Strength, | рег 
Heat-Treatment (1) psi | psi | cent 


121,500 | 16 | 38 
93,500 20 36 
93,500 25. 42 
94 ,000 27 51 
92,500 28 5 
93,500 27 


100,000 
66,000 
65,000 
68,500 
62,500 
64,000 


1,650F; D, 1,000F 
1,650 F 
1,650 F 
1,650 F; 
1,650 F; 
1,650 F; 


- 


900 F 
,000 F 
,100 F 


222220 


143, 000 18 
99,500 | 25 
100,500 25 
101,500 21 
99,000 24 
97,500 25 


126,000 
70,500 
76,000 
75,500 
70,000 
73,000 


,000 F 
900 F 
,000 F 
,000 F 
,100 F 
, 200 F 


1,650 F; 
1,650 F; 
1,650 F; 
1,650 F; 
1,650 F; 
1,650 F; 


- - ~ 
B - - 


222220 
ОООООО yyy 


Mn-V 


137,500 | 10 
98,000 | 25. 
98 , 500 26 

102,000 21. 
97,500 25 
97,500 


118,000 
72,000 
73,500 
74,500 
69,500 
72,000 


,000 F 
900 F 
,000 F 
,000 F 
,100 F 
, 200 F 


1,650 F. 
1,650 F; 
1,650 F; 
1,650 F; 
1,650 F; 
1,650 F; 


Mn-Mo 
Mn-Mo 
Mn-Mo 
Mn-Mo 
Mn-Mo 
Mn-Mo 


- 
- 


- - 
- - 


222220 
оороруоу 





145,500 
106,500 


125,000 
76,000 | 


1,650 Е; 


р, ‚000 Е 
1,650 Е; D, 


‚000 Е 


Mn-V (+ ore) 
Mn-V (+ ore) 





zo 


(1)N = Normalized; Q = Quenched; D = Drawn. (2) Average of two tests. 
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Strength of Cast Alloys at 1,200 F 


WITH THE SUPPORT of the Bureau of 
Ships, the Naval Research Laboratory 
cast and tested a group of selected 
alloys that are in common use in the 
rolled condition. Since only a single 
heat of each composition is represented 
by these test data, further work is re- 
quired to obtain precise design in- 
formation. 

The alloys selected for study are 
listed in Table I with their respective 
compositions. 

The room temperature tensile prop- 
erties of these alloys are given in 
Table II. These data were obtained 
with 2.25 by 0.357 in. specimens. As 
indicated, some of the alloys were 
tested both as-cast and after heat- 
treating. 


Stress-rupture tests were conducted 
at 1200 F with 1⁄4 by 1% in. speci- 
mens cut and machined from 70 Ib 
ingots. These specimens were sub- 
jected to a temperature of 1200 F 
before the test load was applied, thus 
they received a 1200 F aging treatment 


The data presented bere are those of the au- 
thor and are not to be construed as official 
data released by the Navy Department. 


JOSEPH R. LANE 


Naval Research Laboratory 


before the test. The specimens that 
were tested for room temperature 
tensile properties did not receive this 
prior treatment. In Table III are 
listed the 100 hr and the 1000 hr 
creep-rupture properties as determined 
by tests. 

Only a single heat-treatment was 
given to the cast alloys. It is possible 
that alternative treatments would re- 
sult in properties better than those 
given in Tables II and III. 

The test data reported in Tables II 
and III were obtained from specimens 
the long directions of which were 
parallel to the long directions of the 
ingots from which the respective speci- 
mens were cut. 

To further investigate the influence 
of cooling rate and of solidification 
direction on stress-rupture properties, 
a special group of Ni-Mo alloy speci- 
mens was prepared. Specimens for 
this investigation were cut in a direc- 
tion crosswise to the axis of the ingot. 
Also, a heat of the same alloy was 
split, one-half of which was cast in a 
sand mold and the other half in a metal 
mold. The four groups of specimens 
were then tested in stress-rupture. The 


results showed little difference in the 
rupture life or the per cent elongation 
at rupture; only the relatively small 
amount of scatter that is usually ob- 
tained in rupture testing was detected. 

Most alloys are used in the forged 
condition, however, many castings are 
employed when the alloy is unma- 
chinable, or when a part of intricate 
shape is required. The poor machin- 
ability of an alloy suitable for high 
temperature service frequently de- 
mands that the part be a casting. For 
example, the use of vitallium castings 
for gas turbine blades. 

Even where a forgeable alloy can 
be specified, if the shape of the part 
is intricate it might be more econom- 
ical to use a casting because of savings 
in the cost of machining necessary to 
produce the desired finished shape. 

Information covering the mechanical 
properties of alloys in the rolled con- 
dition is commonly available. Data 
for the same alloys in the cast condi- 
tion, however, are quite limited. The 
difference in microstructure between 
the cast and the forged condition of 
the alloys results in large differences 
in their engineering properties. 


Table I—Composition of Selected Cast Alloys 


| 
| 
| 
| 
I 


15-25 Mo 
13-19W 

18-8 Mo 

18-8 W 

15-25 Ti V 

18-5 Mn Cb 
18-5 Mn W 
18-5 Mn W Mo 
23-3 Mn... 
18-5 Mn Mo 
15-25 Ti Al 
16-15 Mo Cu. | 
12 Cb 

12 V. 

12 Mo 

Ni Mo 

18-8 W Ti 


она س سر‎ © © © O 

N — 

оо‏ فصا دں ی ج کج ددھ دک کج 
ج دد ډډ © ھچ © وط ب ب ډو ډه Q‏ 


шю. 
= к 


кю 


cooocoooooroocoooeooo 
оноо 


Bio 


1 
| 


Сг үү Cb | Mn 


16 
12. 
18 
19 
14 
19 
18 
17. 
22 
17. 
14 
16. 
11 
11 
11 


82 
70 
‚58 


85 
40 
05 
0 
6 
‚05 
‚49 
‚50 
49 


ш шщ озю юзо бос ою о Ф н 


`50 
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17 
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0.06N 
0.25 Ti 
0.26 Ti 
1.96 Ti, 0.42 A1, 0.24 V | 
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18-8Mo 
18-8W 


15-25TiV 
18-SMnCb 


18-SMnW 
18-SMnWMo 
23-3Mn. 
18-SMnMo 


15-25TiAI 
16-15MoCu 


12Cb 
12V 
12Mo 
NiMo 


18-8WTi 


*Heat-Treatments: (1) 2,100 F, hr; air cooled. (2) 2,100 F, Jé hr; water quenched. 
5 hr; cooled to 1,200 F held 20 hr; air cooled. 


15-25TiAl 
16-15MoCu 
12Cb 


Table 1l—Koom ‘lemperature Tensile Properties of Cast Alloys 


Condition 


As-Cast 
Heat-treated 
Heat-treated, tempered 
As-Cast 
Heat-treated 
As-Cast 
Heat-treated 
As-Cast.. 
Heat-treated 
Heat-treated 
As-Cast 
Heat-treated 
As-Cast. 
Heat-treated 
As-Cast 
Heat-treated 
As-Cast 
Heat-treated 
As-Cast 
Heat-treated 
Heat-treated 
As-Cast 
Heat-treated 
Heat-treated 
Heat-treated 
Heat-treated 
As-Cast. 
Heat-treated 
As-Cast 
Heat-treated 


(2.25" x 0.357" Specimens) 


*Heat- 
Treatment 


0.2 Percent 


Y. S., psi 


46,800 
51,750 
44,000 
41,000 


Max. T. S., psi 


91, 
99, 


94, 
92, 


98, 


64, 
62, 


110,000 
132,000 
116,000 

63,300 
104,700 


75,200 
69,500 
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Percent 
Elong. 


46 
30 to 46 
40 
3 to 35 
2 to 30 
44 
45 
15 
64 
11 


11 
13 


20 
8 


15 


Percent 
R. A. 


49 
31 to 40 
59 
2 to 32 
4 to 35 
37 
39 
24 
71 
12 
9 
13 
18 


3) 1,800 F, 1 hr; 1,250 F to 1,400 F, 


4) 1,800 F, 1 hr; oil quench; 1,325 F for 16 hr; air cooled. 


Table III—Creep-Rupture Properties of Cast Alloys at 1,200 F 


Condition 


As-Cast 
As-Cast 
Heat-treated. . 
As-Cast 
As-Cast 
Heat-treated 
As-Cast 
As-Cast 
As-Cast 
As-Cast 
As-Cast. 
Heat-treated 
As-Cast. 
As-Cast 
Heat-treated 
As-Cast. 
Heat-treated 
As-Cast 
Heat-treated 
As-Cast 
As-Cast. 


*Extrapolated Values. 
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Rupture Strength, psi 


100 hr. 


35, 
37, 
40 
36, 
16, 
47 
51 
49, 
48, 
46 


000 
500 


,000 


000 
000* 


,000 
,000 


000 
000 


,000 


,000 
,000 
,000 
,000 
,000 
,700 
,000 
,900 
,000 
,500 
,000 


1,000 hr. 


30 
32 
35 
32 


38 
42 
38 
43 
40 
39 
38 
36 
14 
14 
13 
15 
14 


16, 


38 
36 


,000* 
,000* 
,000* 
,000* 


,000 
,000 
,000 
, 900 
,000 
‚000 
‚000 
,000* 
000 
‚500 
‚500 
‚000 
‚500 
000 
‚500 
, 000 


100 hr. 


42 
3 
3 

22 


о соь л о 00 + ظط‎ 


Rupture Elongation, percent 


1,000 hr 





From THE ALUMINUM ASSOCIATION 


New Designations for Aluminum Alloys 


Wrought aluminum. and 


wrought aluminum alloys are 
designated by a four digit index 
system. Temper designations are 
not changed and follow the 


alloy designations. 


THE NEW SYSTEM of four-digit num- 
bers, effective October 1, 1954, is ex- 
pected to meet all present and future 
needs for wrought alloy designations. 
To aid in the transition to the new 
system, many of the old numbers are 
retained as the last two digits of the 
new numbers. 

The first digit of the designation 
serves to indicate alloy groups as shown 
in Table I. The last two digits identify 
the aluminum alloy or indicate the 
aluminum purity. The second diget 
indicates modifications of the original 
alloy or impurity limits. 

Although most aluminum , alloys 
contain several alloying elements, the 
major groups are determined by the 
major alloying element. Except that 
one group, 6xxx for alloys with mag- 
nesium and silicon as major alloying 
elements, designates two elements as 
indicated in Table I. 


ALUMINUM. In the lxxx group for 
aluminum of 99.00 per cent minimum 
and greater, the last two digits indicate 
the minimum aluminum percentage to 
the nearest 0.01 per cent above the 
99.000 base amount. 

The second digit in the designation 
of the lxxx group indicates modifica- 
tions in impurity limits. If the second 
digit is zero, there is no special con- 
trol on individual impurities, while 
integers 1 through 9 (assigned con- 
secutively as needed) indicate special 
control of one or more individual im- 
purities. Thus 1030 indicates 99.30 
per cent minimum aluminum without 
special control on individual impur- 
ities; and 1130, 1230, 1330, indicate 
the same purity with special control of 
one or more impurities as designated 
by the second integer 1, 2 and 3. 


Вт 


Table I—New Designations for Aluminum-Alloy Groups 


Aluminum—99.00 per cent minimum and greater . 


Aluminum alloys grouped by major | 


alloying elements 


Unused series 


MAJOR ALLOYING 
ELEMENT 


Copper.. 

Manganese 

Silicon... 

Magnesium. 
Magnesium and Silicon 
Zinc. 

Other element 


Table II—Aluminum Alloy Designation Conversions 


NEW OLD 


AA Commercial 
Number Designation 


EC» EC 
1030 AEIS 
1050 ADIS 
1060 BDIS 
1070 ACIS 


1075 JC1S 
1080 BC1S 
1085 ABIS 
1090 FBIS 
1095 АА15 


1099 BAIS 
1100 2S 
1130” R308 
1145 BE1S 
1150 EDIS 


1160 CDIS, 99.6 
1175 99.75 
1180 CC1S, R998 
1187 EBIS, 99.87 
1197 CAIS 


1230 99.3 
1235 R995 
2011 11S 
2014 14S, R301 Core 
2017 178 


NEW 


AA 
Number 


2018 
2024 
2025 
2117 
X2214 


2218 
2225 
X2316 
2618 
3003 


3004 
X3005 
4032 
4043 
4045 


4343 
X4543 
5005 
5050 
5052 


X5055 
5056 
5083 
5086 
5154 


OLD NEW OLD 


Commercial AA 
Designation Number 


Commercial 
Designation 


18S 5254 B54S 
24S X5356 XC56S 
25S 5357 С578, K157 
A17S X5405 XD50S 
XB14S 5652 F52S 


B18S 6003 R306, K162 
B25S 6053 53S 
XC16S 6061 61S 
F18S 6062 62S 
3S 6063 63S 


4S 6066 66S 

XASS 6151 А515 

325 Х6251 ХВ515 

435, К145 6253 B53S 
45S X6453 XD53S 


C43S, 44S, K143 6553 Е535 


ХЕ435 6951 J51S, K160 


ASOS, R305, K155 7070 70S 


50S 7072 728 
528 7075 758 


X55S X7178 XA78S 
56S 7277 B77S 
LK183 8099 R399 
K186 8112 K112 
А545 X8280 XB80S 


(0 EC— The designation for electrical conductor metal is not being changed since it is so firmly estab- 


lished in the electrical industry. 


©) No. 1 Reflector Sheet. 


®) Cladding on No. 2 Reflector Sheet. 
9 Cladding on Alclad 2024 (Alclad 24S). 


(» Cladding on Alclad 2014 (R301 and Alclad 14S). 
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ALUMINUM ALLOYS. In the 2xxx 
through 8xxx alloy groups the last 
two digits have no spec'al significance 
but serve only to identify the different 
alloys in the group. Generally these 
digits are the same as those formerly 
used to designate the same alloy. 
Thus 14S becomes 2014, 3S becomes 
5003, and 75S becomes 7075. For new 
alloys after October 1, 1954, the last 
two digits will be assigned consecu- 
tively beginning with xx01. 

The second digit indicates alloy 
modifications. If the second digit is 
zero it indicates the original alloy; 


integers 1 through 9, assigned consec- 
utively, indicate alloy modifications 
In the former system, letters were 
assigned consecutively, beginning with 
A, to designate modifications. Thus 
17S is now 2017 and AI7S is now 
2117; 18S is 2018 and B18S is 2218. 


EXPERIMENTAL ALLOYS are desig- 
nated by the same four-digit system 
with the prefix X. The prefix is 
dropped when the alloy becomes 
standard. During development, and 
before they are designated as experi- 
mental, new alloys are identified by 


R METALS AND ALLOYS 


serial numbers assigned by their origi- 
nators. Use of the serial number is 
discontinued when the X number is 
assigned. 


TEMPER DESIGNATIONS. The temper 
designation system in effect since De- 
cember 31, 1947, is continued without 
change. The temper designation fol- 
lows the alloy designation and is 
separated from it by a dash. Thus, 
3S—O is now 3003—O, Alclad 
24S—TS81 is Alclad 2024—TS81, and 
75S—T6 is 7075—T6. Other temper 
designations are similarly handled. 


New Aluminum Forging Alloys 


NEW HIGH STRENGTH forging alloy 
follows the new alloy designation sys- 
tem and is known as X7079. Major 
alloying element is zinc and compares 
closely to 7075 (75S) alloy. 

New alloy is believed to provide 
for more uniform properties in heavy 
sections and may be less susceptible to 
distortion when machined than 7075. 
The advantages of X7079 are apparent 
in die and hand forgings heat-treated 
in sections over 3 in. thick. 

Guaranteed. minimum and typical 
mechanical properties have been estab- 
lished by Alcoa for X7079-T6 hand 
and die forgings up to 7 in. in thick- 


ness. Tables I and II show these values. 

Limited tests on hand forged sec- 
tions up to 12 in. in thickness, indicate 
a tensile and yield strength only 4,000 
to 7,000 psi lower than the indicated 
Table I values. 

Tests on both smooth and notched 
specimens show that the fatigue 
strengths of X7079-T6 and 7075-T6 
are similar for specimens taken in the 
longitudinal and transverse direction. 

Other typical properties for 
X7079-T6 which may be of interest 
are: 

Weight—pounds per cubic inch: 
0.099. 


Electrical conductivity: 31 per cent 
LA.C.A. 

Thermal conductivity at 25 C 
C.G.S. Units. 

The alloy develops optimum me- 
chanical properties after solution heat- 
treatment and artificial aging. Since 
the alloy develops high properties in 
heavy sections, forgings will be pro- 
duced fully heat-treated to the T-6 
temper prior to machining. Where 
forgings with extremely heavy sections 
may make it undesirable to apply the 
T-6 temper before shipment and 
rough machining, special heat-treating 


details will be supplied. 


0.29 


Table I—Mechanical Properties of Hand Forged X7079-T6 


Axis of Test Specimen 


longitudinal 
Long Transverse 


Short Transverse 


Axis of Test Specimen 
Parallel to forging flow lines 


Other than parallel 
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Tensile Strength, psi 


Typical Minimum Typical 


77,000 | 
73,000 


71,000 


73,000 
70,000 
65,000 


67,000 
63,000 | 
59,000 | 


Yield Strength, psi 


Per Cent Elongation in 
4 diameters 


Minimum Typical Minimum 


62,000 
60,000 
54,000 


13.0 9.0 


9.0 6.0 


6.0 4.0 


Courtesy of Alcoa 


Die Forged X7079-T6 


Tensile Strength, psi 


Typical Minimum Typical 


78,000 | 
76,000 | 


74,000 
72,000 


68,000 
66,000 | 


1955 


Yield Strength, psi 


Per Cent Elongation 
in 4 diameters 


Minimum Typical Minimum 


64,000 
61,000 


14.0 
9.0 


10.0 
4.0 


Courtesy of Alcoa 
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0.0/6 —- 0.064 in.shee* 


№ 
о 


RA. 


Spring bock-deg 








FSI-H24 


M-H24,FSI-O 


FSI-H24 


M-O, M-H24,FSI- O 


7-0, M-H24,FSI-O 





Die radius in sheet thicknesses 


Fig. 1—Angular springback of 90 deg bends in magnesium sheet. 


From: MAGNESIUM DESIGN NOTES, 


published by the Dow Chemical Company, 1954 


Effect of Elevated Temperatures on 


Mechanical Properties of Magnesium 


EXPOSURE TO ELEVATED temperatures 
affects the tensile, compressive, and 
yield room temperature properties of 
magnesium alloys. The room tempera- 
ture properties after such exposure are 
dependent upon: (1) the temperature 
to which the material has been ex- 
posed; (2) the length of exposure 
time; and (3) 
posures. 

In addition, tests indicate that the 
effects of multiple exposures to high 
temperatures on room temperature 
properties are cumulative. 

The effects of elevated temperature, 
therefore, influence the selection of a 
magnesium alloy from which to pro- 
duce two types of parts. These are: 
Parts formed of material that is heated 
to facilitate a production operation; 
and parts that are exposed to elevated 
temperature in service. Selection of 
a magnesium alloy for such parts is 
based on: 

l. Properties of the alloy immedi- 
ately after it is brought up to the given 
temperature: Tables I and IV. 

2. Properties after prolonged heat- 
ing at the given elevated temperature: 
Tables II and V. 

3. Room temperature 


Bu 


properties 


the number of ex- 


after heating at elevated temperature 
for short and long times: Tables III 
and VI. 

Magnesium is usually formed at ele- 
vated temperatures. Most parts can 
be drawn in one operation without 
repeated annealing and redrawing. 
Hot formed parts can be held to closer 
dimensional tolerances than cold 
formed parts because of less spring- 
back. In Fig. 1 is shown the spring- 
back that can be expected in 90 deg 
bends in magnesium sheet. 

The effect of exposure to forming 
temperatures on the room temperature 
properties of hard rolled magnesium 
can be estimated from the data in 
Figs. 2 through 5. These design curves 
give minimum values and are appli- 
cable for gages up to 0.250 inch. The 
curves have been extrapolated above 
the typical property levels. Thus if a 
value selected from a given curve 
should exceed the material's initial 
property level, the latter value must 
be used. 

As an example of the cumulative 
effects of multiple temperature ex- 
posures, assume that a part is held at 
380 F for 10 min. From Fig. 4, the 
resultant design compressive yield 


stress is 22,700 psi. Now assume that 
the part is subsequently heated for 300 
min at 340 F. At 340 F, 200 min are 
required to produce the stress of 22,700 
psi given by 10 min at 380 F, there- 
fore, the total equivalent exposure 
time at 340 F is 500 min. This ex- 
posure results in a compressive yield 
strength of 22,100 psi, or a decrease 
of 2.6 per cent. 

The curves of Fig. 5 are used as a 
basis for establishing limits of single 
exposure for normal forming opera- 
tions. For example, FS1-H24 sheet 
is usually hot formed below 325 F to 
avoid annealing of the sheet to room 
temperature properties lower than the 
specified minimums. Annealing is a 
function of time of exposure and tem- 
perature of exposure; thus tempera- 
tures above 325 F can be tolerated 
but must be controlled. Fig. 5 indi- 
cates the maximum permissible com- 
bination of time and temperature for 
minimum properties. 

An artificial aging is produced when 
castings in the heat-treated condition 
are exposed to elevated temperature. 
Figs. 6, 7 and 8 show the effect of tem- 
perature on the properties of three 
magnesium casting alloys. 
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Room temperature tensile yield strength of FS1-H24 


Fig. 3 


Fig. 2—Room temperature tensile strength of FS1-H24 


after elevated temperature exposure. 


after elevated temperature exposure. 
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Fig. 4—Room temperature compressive yield strength of FS1-H24 


FSI-H24 sheet to maintain room temperature properties. 


after elevated temperature exposure. 





Table I—Short Time Elevated Temperature Tensile Properties of Some Cast Magnesium Alloys 


TS = Tensile strength — 1,000 psi TYS = Tensile yield strength — 1,000 psi E = Elongation — per cent 


Temperature — F 


Prop- 
Type erty | 


TS | 
А291С-Т4 | ТҮЗ 
E 
TS 
AZ91C-T6 | TYS | 
E 
| TS 
EK30A-T6 | TYS 
| E 
| TS 
EK41A-TS | TYS | 
E i 


200 





| TS | 
EK41A-T6 | TYS | 
| Е 
TS 
EZ33A-TS TYS | 
E | 




















Table II—Long Time Elevated Temperature Properties of Cast Alloys 


| | Temperature | 
F Exposure Time — hours 
| ааа * dk 
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I 


200 | 200 20 
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Table III—Effect of Short and Long Time Elevated Temperature Exposure of Some Cast Magnesium Alloys 


Temperature 
Exposure Time — hours 


Prop- Expo- | Test- 
erty sure | ing 


N 
> 
N 
л 
= 
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48 | 96 | 192 | 312 


38 
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TS | 


| | 41 
TYS | 200 | 70 | 
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38 
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Table IV—Short Time Elevated Temperature Tensile Properties of Some Wrought Magnesium Alloys 


TS = Tensile strength — 1,000 psi TYS = Tensile yield strength — 1,000 psi E = Elongation — per cent CYS = Compression yield strength — 1,000 psi 


Temperature — F 


Temperature — F 


Prop- 
erty 


I 


70 | 200 250 | 300 | 400 | 500 600 Form 250 300 


TS 35 
TYS 22 
20 


31 25 
18 15 
29 38 


E 
| CYS 


| TS 42 - 30 
TYS| 33 | 26 | 20 
E | 21 | 40 

| cys | — 


TS 27 21 
TYS 21 | 16 
| E 15 19 


47 35 
31 26 
20 39 
49 | 34 
32 | 21 
20 | 41 
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| | | 22 
Sheet FS1-H24 | 13 , ZK60A-TS 
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Table VI—Effect of Short and Long Time Elevated Tempera- 
ture Exposure of Some Wrought Magnesium Alloys 


Temperature 
P F Exposure hours 


Expo- | Test- 


Table V-—Long Time Elevated Temperature Properties س‎ dm 
of Rolled Magnesium Alloys 
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Tensile yield strength -!,000 psi 
Tensile yield strength-!,000 psi 
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Fig. 6 Top—Effect of exposure at elevated 
temperature on the tensile yield strength and 
elongation of C-T4 magnesium alloy. 


Fig. 7 Center—Effect of exposure at elevated 
temperature on the tensile yield strength and 
elongation of H-T4 magnesium alloy. 


Tensile yield strength 1000 psi 


Fig. 8 Right—Effect of exposure at elevated 
temperature on the tensile yield strength and 
elongation of AZ91C magnesium alloy. 
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Table I—Short-Time High Temperature Tensile Properties of Nimonic 95 


PROPERTY 


Maximum stress, 1000 psi 
Elongation, per cent, in four 
times square root of area 
Reduction of area, per cent 

Modulus, 10° psi 


From: THE MACHINIST 


TEMPERATURE, C 


200 300 400 500 


145.8 | 150.2 | 144.0 | 144.2 
20.6 


21.9 
30.6 


20.6 
24.6 
29.3 


21.4 
25.3 
29.3 


23.6 
28.1 
27.3 


600 700 
129.4 | 103.0 
13.7 


19.5 
26.4 


High Temperature Properties 


of Nimonic 95 


ALTHOUGH an extensive survey of the 
long-time creep properties of the re- 
cent Nimonic alloys has not yet been 
possible, some data have been released 
on these properties for Nimonic 95. 
These data are given in Tables I and 
III. They include results of tensile 
tests in short-time high temperature 
conditions and of creep tests up to 
10,000 hours. 

Results of rotating beam tests to 
determine the fatigue properties of 
both Nimonic 90 and 95 are given 
in Table II as new supplementary data. 
The properties given in the tables 
were obtained for Nimonic 95 that 
had received the following heat-treat- 
ment: 4 hr at 1150 C, air cool; then 
6 to 8 hr at 1080 C, air cool; and then 
16 hr at 700 C, air cool. This treat- 
ment is recommended to obtain good 
creep properties and the retention of 
fine grain size over a wide range of 
hot working conditions. 

Although with Nimonic 95 greater 


creep resistance is normally obtained 
by solution treating the alloy at tem- 
peratures greater than 1150 C, such a 
treatment sometimes develops a coarse 
grain size. 

When a coarser grain size is not 
regarded as unsatisfactory, the fol- 
lowing heat-treatment has been used: 
| to 2 hr at 1200 C, air cool; then 
6 to 8 hr at 1080 C, air cool; and 
then 16 hr at 700 C, air cool. 

Any increase in the maximum tem- 
perature at which an alloy is service- 
able necessarily involves a reduction 


in the temperature interval within 
which the alloy can be hot-worked. 
This results because the increase in the 
amount of alloying elements does not 
usually simultaneously produce an in- 
crease in the melting point of the 
alloy. 

By careful control, however, of the 
proportions of the hardening elements 
and of the methods of melting and 
casting of ingots, and by improvements 
in hot-working technique, it is possible 
to produce Nimonic 95 with adequate 
forgeability for practical purposes. 


Table II—Fatigue Properties in Rotating Beam Test 


| 
Temper- | 


Alloy ature, C 


Nimonic 90 815 
Nimonic 90 870 
870 
870 


| 


Nimonic 95 


Nimonic 95 


Stress, 
1000 psi 


0+34.8 
0+:24.4 
0+40.0 
0+33.6 


Endurance 


45,000,000 cycles in about 300 hr 
45,000,000 cycles in about 300 hr 
10,000,000 cycles in about 65 hr 
45,000,000 cycles in about 300 hr 


Table III—Creep Characteristics of Nimonic 95 


Stress, 
0.1 per cent in 


100 


100 | 
hr 


hr 


300 


1,000 | 
hr | 


hr 
is 


26 
12 


5000 | 
hr | 
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1000 psi, to produce extension of 


0.2 per cent in 


300 | 1,000 | 5,000 | 10,000 | 100 
hr hr | һг һг һг 


— — “ — — 
36 20 | 


300 
һг 
46 
26 
17 


38 
21 
14 


955 


0 S per cent in 


Stress, 1000 psi, to 


1,000 | 5,000 | 
hr 


hr 


100 
hr 


31 
16 
10 





+ 


Density 


Density, grams per milliliter 


Hordness, Rockwell A 


60 
о 


Tensile strength,IOOO psi 


20 


Aluminum content, percent 


Fig. 1—Effect of aluminum on density, hardness and 
the strength of nickel-aluminum at room temperature. 


From NACA TN 3259 


Nickel-Aluminum Alloys 


for High-Temperature Applications 


INTERMETALLICS POSSESS PROPERTIES 
that are radically different from those 
of their constituent elements. Many in- 
termetallics are stable at high tempera- 
ture. One nickel-base alloy containing 
from 6 to 8 per cent aluminum (Guy's 
alloy) has a 100-hour stress-rupture 
strength of 50,000 psi at 1,500 F. Since 
the aluminum in this alloy is largely 
responsible for its oxidation resistance 
and high temperature strength, a study 
(Ref. 1) of nickel-aluminum alloys 
containing 14 to 34 per cent aluminum 
by weight was made at the Lewis Flight 
Propulsion Laboratory in a search for 
replacement of critical cobalt-base al- 
loys by nickel-base alloys. As a result 
of this study, it appears that a 17.5 
aluminum alloy merits consideration. 

Tensile tests at room temperature 
and at 1,500 F were made, elongation 
determined, and susceptibility to hot- 
rolling investigated for the alloys listed 
in Table I. These data as plotted in 
Fig. 1 clearly show the effect of alu- 
minum content on the properties of 
nickel-aluminum intermetallics. All the 
alloys were prepared in a bell-jar vac- 
uum induction furnace for casting. The 
weight of the castings ranged from 400 
to 600 grams. 
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After charging an alumina crucible, 
a vacuum of 2 to 10 microns was 
drawn, and tank argon was then intro- 
duced to a slightly positive pressure. 
Flat nickel chips at bottom of the 
crucible acted as a susceptor in the in- 
duction field. The reaction between the 
molten aluminum and the nickel was 
violently exothermic, and the charge 
melted in a few seconds. The melt was 
stirred effectively by the reaction and 
the induction field. Melt was poured 
into copper molds one minute after 
start of the reaction. 

Despite the comparative softness of 
the materials, they were difficult to ma- 
chine because of excessive tool wear. 
The specimens, therefore, were ground 
to shape using silicon carbide wheels. 

Of the alloys tested, the alloy having 
17.5 per cent aluminum had the most 
promising properties with respect to 
both room-temperature tensile strength 
and hot formability. In Table II are 
given the tensile properties of this alloy 
at room temperature and at 150 F for 
different heat-treatments. 

Addition of titanium, molybdenum, 
and boron as grain refining agents to 
the 17.5 per cent aluminum alloy did 
not improve strength properties. These 


additions, however, had a marked effect 
on grain size but no appreciable effect 
of grain size on short-time strength was 
indicated. 

The stress-rupture properties of the 
17.5 per cent aluminum alloy is slightly 
better than that of Inconel but is infe- 
rior to that of Inconel X. Inconel has a 
short-time strength of 27,000 psi at 
1,400 F, and of approximately 20,000 
psi at 1,500 F. The 17.5 per cent alu- 
minum alloy has a strength of about 
50,000 psi at 1,500 F. According to the 
investigators, an absence of a finely dis- 
persed precipitate may be the reason 
for the high creep rates of the alloy. If 
the creep rates can be reduced by slight 
alloying additions that form a precipi- 
tation-hardening phase, a useful alloy 
may result for creep-rupture applica- 
tions. 

Impact strength at room temperature 
of notched 17.5 per cent aluminum 
specimens is about 3.6 in. lb, while that 
of unnotched specimens is about 10.3 
in. lb. Even though the measured im- 
pact values do indicate that the 17.5 
per cent aluminum alloy behaves as a 
cermet in impact, the specimens do not 
fracture completely. This behavior in- 
dicates that the alloy has some inherent 
ductility. 

The ability of the material to resist 
more than 200 cycles of thermal shock 
testing in an apparatus designed to sim- 
ulate jet-engine blow-out conditions, 
indicates that the material is adequate 
for turbine blade applications. 

Weight-gain data show the 17.5 per 
cent aluminum alloy to be slightly bet- 
ter in oxidation resistance than Ni- 
chrome at 1,800 F and superior in oxi- 
dation resistance than the high-temper- 
ature alloys S-816 and Inconel X. 

In Table I, the phases present in the 
compositions studied are given. Alloys 
containing up to 30 per cent aluminum 
were satisfactorily cast despite a vio- 
lently exothermic reaction between the 
constituents. 

The Nis Al intermetallic compound, 
represented by the cast alloy containing 
14 per cent aluminum, at 1,500 F had 
a tensile strength of 37,500 psi and a 
total elongation of 1.3 per cent. Thus, 
the Ni4Al phase possesses moderate 
strength and some ductility. 

For the 25 per cent aluminum NiAI 
cast intermetallic compound investi- 
gated, the total elongation at 1,500 F 
was 3.8 per cent; indicating that this 
phase is not as brittle as indicated in 
the literature. 

A homogenization treatment at 2,400 
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Table I—Tensile Properties of Cast Nickel-Aluminum Alloys 
at Room Temperature 


Chemical composi- 
tion, percent 


Tensile 
strength, 


psi 


s 1 Phases 
Ni Al present 


86 Ni,Al 


50 ,600 6.3 


Hardness, 
Rockwell A 


Elongation, 


Density, 
percent , 


g/ml 


62 39 


45,900 5 


Ni,Al, NiAl 83, 


79, 
24, 
20, 
22, 
19, 


20, 
22 


NiAl 
(a) 
(a) 


NiAl 


NiAl 


800 
600 
100 
200 
100 
300 


000 
, 400 


16,300 


99 


33 


12,500 


NiAl 


NiAl | 


(a) 0.3 Percent Ti added as grain refiner, 


F of an as-cast 17.5 per cent aluminum 
alloy containing the two phases Ni; Al 
and NiAl increased the strength to 
94,250 psi with no elongation. 

Of the cast alloys studied, only the 
17.5 and the 28 per cent aluminum al- 
loys could be hot-rolled, the former at 
2,400 F and the latter at 2,600 F. The 
room temperature tensile strengths of 
the 17.5 per cent aluminum alloy rolled 
10 per cent was 73,400 psi; with 50 
per cent rolling the strength was 86,500 
psi. After breaking up the as-cast segre- 


Unsound 
ingot 


Unsound 
ingot 


Unsound 
ingot 


Unsound 
ingot 


Unsound 
ingot 


Unsound 
ingot 


gations; the 17.5 per cent. aluminum 
alloy could be rolled at 2,400 F as much 
as 15.9 per cent in a single pass. 

The 17.5 per cent aluminum alloy 
was the only alloy tested in creep rup- 
ture at 1,550 F. Its 100 hour strength 
was 14,000 psi; its 1000 hour strength 
was 8,500 psi. Creep rates for this 
alloy were high. Creep-rupture strength 
of the alloy at this temperature is com- 
parable to Inconel. The 17.5 per cent 
aluminum alloy possesses moderate im- 
pact strength, good thermal shock 
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behavior, and outstanding oxidation 
resistance. 

When the cast 17.5 per cent alumi- 
num alloy specimens were heat-treated 
in the temperature range 1,50 to 2,500 
F, the following changes in micro- 
structure were obtained. As the temper- 
ature of heat-treatment increased from 
1,500 to 2,000 F, changes in the rela- 
tive quantities of Ni;Al and NiAl 
phases occurred, with agglomeration of 


the Nis Al phase. At 2,200 F, the mat- 


rices of the grains transformed to 
NiAl with simultaneous recrystalliza- 
tion. During water quenching, these 
subgrains transformed to a martensite- 
like structure. 

Recrystallization and grain growth 
took place at 2,300 F with the struc- 
ture transforming to an acicular mar- 
tensite-like structure during water 
quenching. Heat-treating at 2,400 and 
2,500 F followed by water quenching 
resulted in a Widmanstatten structure 
nucleated at the grain boundaries with 
a metastable phase within the grains. 
Upon air cooling, a fine lamellar struc- 
ture was obtained. The martensite-like 
transformation of the high temperature 
NiAl phase was very rapid. 
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Table II—Tensile Properties of 17.5 Per Cent Aluminum Alloy, Original Condition As-Cast 


Heat-Treatment 


None None 


Homogenized— 16 hr, 2400 F None 


Homogenized——48 hr, 1500 F None 


Homogenized—48 hr, 2000 F None 


Rolled—25 percent, 2400 F None 


Rolled—50 percent, 2400 F None 


Rolled—25 percent, 2400 F None 


13 percent, 2200 F 


None 


Addition 


0.5 percent 


At Room Temperature 


Extensometer 
Elongation, 
percent 


Tensile 
Strength, 
psi 


83,800 0.6 
79,600 6 


94,250 


55,800 
33,400 


73, 
80, 


050 
500 


86, 
82, 


300 
700 


69,000 (a) 


Mo 83,800 


None 


5.0 percent Mo 


88, 


600 


0 


1.2 


Measured 
Elongation, 
percent | 


At 1,500 Е 


Total 
Elongation, 
percent 


Area 
Reduction 
percent 


Tensile 
Strength, 
psi 


52,900 2.9 3.3 


37,600 


44,150 


55,250 
48,600 
41,000 


50,000 
51,700 
21,000 (5) 


40,400 (a) 


52,600 


51,200 


34 percent, 2400 F 5.0 percent Mo 84,400 55,000 


0.3 percent Ti 84,300 56.000 


0.05 percent B 92,600 43,800 


(a) Pure aluminum (b) Test temperature, 1800 F 


Product Engineering — Mid-October, 1955 





From: Aero Digest and American Rocket Society paper. 
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Fig. 1 Left—High pressure hydraulic chamber for compacting 
cermet powder to a uniformly dense green compact. 


Fig. 2 Above—Ovide layer on a hot-pressed manganese-boron- 
silicon body after an oxidation test at elevated temperature. 


CERMETIS For Thermal Shock 


J. A. STAVROLAKIS 


Armour Research Foundation 


CERMET MATERIALS include all com- 
posites of any inorganic compound 
intimately bonded either mechanically 
or chemically with a metal. The cermet 
substances that are currently receiving 
much attention are: 

l. Titanium carbide with nickel or 
cobalt binder, or with nickel alloys 
with chromium, molybdenum, or 
aluminum. 

2. Boride base compositions with or 
without the addition of metals such as 
chromium or nickel, using zirconium 
boride, chromium boride and molyb- 
denum boride as the refractory com- 
ponents. 

3. Silicides in the form of chromium 
or molybdenum disilicide. 

4. Aluminum oxide and chromium 
combinations. 

On the basis of the type of union 
in the composite, there are three cermet 
types. 

A. Mechanical Mixtures. There are 
characterized by a sharp interface be- 
tween constituent particles. The grains 
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of both components exhibit no reac- 
tion, and no apparent recrystallization 
of either takes place. Bonding is de- 
veloped by the continuous phase that 
completely envelops the other phase 
or phases. Some examples of this type 
are Ni-BeO, Mo-ThO;, Be-BeO, Mo- 
Al;Os, Be-ThOs, and Co-WC. In 
these the refractory particles are wet, 
and pores are filled by the metal. 

B. Interfacial Metal-Ceramics. These 
are characterized by a boundary that 
forms as a result of reaction between 
the grains and the additive that has 
been included to make up the cement- 
ing medium at the grain boundary. 
These cermets are processed at tem- 
peratures far above the range of ap- 
plication to achieve the reaction. Ex- 
amples of this type are Cr-Al5O;, 
Si-MgO, and Nb-BeO. 

C. Solution cermets are formed from 
an assembly of grains where either the 
grain or the additive at the grain 
boundary serves as a solvent and dis- 
solves a portion of the other compo- 
nents. Examples of this category are 
Zr-Al;O4, Be-MgO, Si-ThOs, and 
TiC with Ni, Co, and Fe. 


For the selection of high-melting, as 
well as oxidation-resistant cermets, four 
conditions must be met: 

l. Bonding must occur 
metal and nonmetal. 

2. The metal melting point must 
be above the operating temperature. 

3. Oxides of the metal should be 
refractory in relation to the operating 
temperature. 

4. The lattices of the oxides that 
form must be sufficiently tight to de- 
crease diffusion of oxygen inward, or 
metal ions outward. 

For oxidation resistance to exist, the 
structure of the oxides that forms 
must be tight enough to inhibit the 
diffusion of oxygen and other ions for 
a time. Ideally, to make a cermet self- 
healing, conditions should be such that 
re-oxidation of the components will 
re-form the oxidation-resistant film if 
some of the protective oxide layer is 
removed by a mechanism. 


between 


Methods of Fabrication 


Cermets can be fabricated by the 
conventional methods used in ceramics 
and powder metallurgy; these include 
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Rupture 


cold pressing, hydrostatic pressing, hot 
pressing, slip casting, and extrusion. 


COLD PRESSING. For cold pressing, 
the cermet mixture is first prepared 
by mixing the powdered metal with the 
powdered refractory material in blend- 
ing or ball-milling equipment until 
the desired uniformity of distribution 
of both components is achieved. Mix- 
ing by ball-milling techniques tends 
to smear the metal over the ceramic 
particles, resulting in a more uniform 
mixture. 

The particle size and shape of the 
powders are important for good com- 
paction and for the later sintering oper- 
ations; this generally requires a range 
of grain sizes from coarse (150 mi- 
crons) to fine (-44 microns). One 


Time, 











he 


disadvantage of using extremely fine 
metallic powders is that they tend to 
oxidize rapidly; even iron and nickel, 
0.1 micron and finer in size, can be 
highly pyrophoric. If three ranges of 
sizes are used—namely, coarse, medium, 
and fine—a densification up to 70 per 
cent may be expected by cold pressing. 
The shapes produced by this method 
are necessarily simple, as complicated 
shapes are not easily removed from 
the dies, and usually do not possess a 
uniform density. Additional densifica- 
tion usually occurs during the subse- 
quent sintering or firing operation, 
depending on the metal-ceramic com- 
position. Firing is done in an inert 
or controlled atmosphere to prevent 
deterioration of the metal. 
Briquetting or cold compacting of 


Table I—Comparative Properties of Commercially Available Cermets 


АһОз +Сг 
Hardness, Ra 68 


Trensverse Rupture Strength, 50 
1000 psi 


Compressive Strength, 1000 psi 


Density, gm/cc 6.0 


Coefficient of Thermal Exvan- 
sion to 1200 F, per deg F 


4.7 X10 


Thermal Conductivity, 64 
Btu /hr /sq ft/deg F 


TiC -- Ni 


125-250 


5.5-6.5 
4.5-5.8 


WC --Co Сг›С: 
85—93 88 90 


+Ni ZrB: + Ni 
83-93 


200—385 66 


550 520-800 | ^ 


11.9-15.1 7.0 


6.0 x10^* 


5.3 


2.5-4.0 
x10^* 


2.7 X10^* 
x10^* 
197-602 


232 191 
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Fig. 3—Tensile stress rupture curves, 
at 1800 F, of several typical cermets. 


some fairly intricate shapes can be 
done with rubber dies supported by 
steel dies or retainers. Pressures up to 
20 tons per sq in. are frequently used. 
Pressure is developed by a ram that 
bears directly against the rubber. With 
isostatic application of pressure, the 
density of the compact is relatively 
uniform. 

Another method of applying pres- 
sure isostatically in compacting cermet 
powder is hydrostatic pressing. In this 
method, Fig. 1, the part to be com- 
pacted is placed in a rubber bag, after 
which the bag is tightly closed to pre- 
vent oil contaminating the part. The 
closed bag is then suspended in a 
thick walled cylinder partially filled 
with oil or oil-water mixture. The 
cylinder is then closed with a piston 
and seals. With this assemblage 
mounted in a hydraulic press, hydro- 
static pressure is developed in the cyl- 
inder and over the cermet part by 
applying force to the piston. With 
the hydrostatic pressing chamber shown 
in Fig. 1, pressures up to 50 tons per 
sq in. can be developed for compact- 
ing powdered materials. 

By this method of homogeneous 
compaction, some “parts of pure abra- 
sive powders can be pressed that, if 
cold-pressed by other techniques, would 
require binders to ensure adequate 
green strength for handling. Hydro- 
static pressing produces compacts that 
are free of laminations and planes of 
weakness, and in which the density is 
uniform regardless of shape. 


Large blanks can be hydrostatically 
pressed, and subsequently machined 
and fired to high density. Their uni- 
form shrinkage characteristics are of 
much advantage in the production of 
homogeneous unstrained bodies. 

In general, hydrostatic pressing pro- 
duces bodies of metal-ceramic mixtures 
of adequate strength at consolidation 
pressures of 5 to 20 tons per sq in. For 
beryllium carbide-metal composites, 
however, better physical properties are 
obtained with pressures of 60 tons per 
square inch. 


HOT PRESSING. In hot pressing, the 
mixture of metal and ceramic powders 
is packed into graphite dies and com- 
pressed with graphite punches at tem- 
peratures determined by the amount 
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Fig. 4—Turbine rotor of titanium 


carbide cermet. Kennametal, Inc 


and nature of bond metal and ceramic. 
Molding pressure is maintained be- 
tween 2000 to 5000 psi. Under ideal 
conditions, punch travel is terminated 
at a point corresponding with the pre- 
calculated incompressible volume of 
the compact at approximately theo- 
retical density. 


Hot pressing offers these advantages: 
Bodies are fabricated in shorter times; 
the cracking often associated with fab- 
ricating shapes from fine particles 
powders is less frequent; and high 
densities may be obtained at lower 
temperatures. 


SLIP CASTING. In slip casting a few 
observations are noteworthy. Slips 
of chromium - alumina combinations 
should contain approximately 70 to 75 
per cent solids and 25 to 30 per cent 
water with 1 to 1.5 per cent defloccu- 
lant. Some suitable deflocculants are 
Daxad 11 and 23 ferric chloride. 


EXTRUSION. In extrusion, plasticizers 
or lubricants such as polyacrylates and 
alginates must be used in larger quanti- 
ties than in cold pressing techniques. 


Physical Properties 


The requirements that must be met 
by cermets vary widely and depend 
upon the intended use. Ceramic ma- 
terials exhibit acceptable high-temper- 
ature strengths, but fail too frequently 
when rapid heating or mechanical im- 
pact is applied. 

Some confusion exists in compari- 
sons of the impact strength of cermets 
with those of cast high-temperature al- 
loys because of differing test methods. 
Much impact testing of cermets has 
been done on testers for plastics, which 
give values in inch-pounds. In such 
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testing, the usual specimen is 5/106 x 
5/16 x 11^ in. and is broken on a 114 
in. span. In such tests cermets show 
values in excess of 20 inch-pounds, 
which is well within the range of some 
cast high-temperature alloys. 

Metals are generally tested on impact 
machines of larger capacity that give 
values in foot-pounds; and the speci- 
men is 0.394 x 0.394 x 2.165 in. Char- 
py test results for cermets show good 
impact resistance at 5.0 foot-pounds. 

Oxidation resistance of a cermet at 
elevated temperatures can be adjusted 
to the application. Those composites 
having the best oxidation resistance 
form a tenacious and impervious oxide 
coating in a short time. Fig. 2 is a pho- 
tomicrograph of a hot-pressed MnBo- 
Si body after a 48-hour oxidation test 
at 2010 F. The photograph shows the 
type of dense and tenacious coating 
necessary to prevent oxidation. 

Some recent data on a few commer- 
cially available cermets are given in 
Table I. The low densities of most cer- 
mets, as compared to tungsten carbide 
composites and superalloys, are imme- 
diately apparent. As a result of the 
lower densities, the centrifugal stresses 
are much lower in rotating parts than 
those developed in superalloys. The 
cermets retain more of their strength 
at elevated temperatures than do most 
of the alloys. Hardnesses are high; con- 
sequently, wear resistances are good. 
Young’s modulus values are greater 
than those of superalloys. Electrical re- 
sistances are intermediate between re- 
sistors (ceramics) and conductors 
(metals) and usually increase with 
temperature. Thermal conductivities 
are higher than those of superalloys, 
while thermal expansions are low, per- 
mitting good thermal shock resistance. 

A significant method for relating the 
variables of temperature, tensile stress, 
and time of failure is the stress rupture 
test. In Fig. 3, the stress rupture prop- 
erties of several cermet composites are 
compared with high-temperature alloys. 

Transverse rupture values of a num- 
ber of cermets that have been or are 
being investigated are given in Table 
II. The values at elevated temperatures 
give an indication of the resistance of 
the composites to oxidation. 


Applications 


The greatest potential use of cermets, 
because of their excellent resistance to 
thermal shock, appears to be in jet en- 
gine components. A rotor of TiC cer- 
met is shown in Fig. 4. Other potential 


Table Il—Transverse Rupture 
Strengths, psi, of Cermets 


1 


Composition 75 F 


1800 F 


95 WC 4-5 Co 

80 TiC +20 Co 

95 NiAl+5 Ni 

85 CrB +15 Ni 

28 А.О; +72 Cr 

96 Zrb: +4 B 

73 TiC, TiB; 4-27 CoSi 
70 АО; +30 Сг 

78 CriTi+ 22Ti(O,N) 
50 Cr;Si 4-50 Cr 

60 SiB: +40 Co 

75 MnB: +25 Si 

87 В.С +13 Fe 

65 BexC +35 Be 

72 BeO +28 Be 


| 200,000 
150,000 
129,000 
120,000 
80,000 
70,000 
65,000 
53,500 
50,000 
49,000 
45,000 
40,000 
39,000 
35,000 
35,000 





applications are rocket nozzles and 
directional fins, valves for high-pow- 
ered reciprocating aircraft engines, and 
burner cones in gas turbine combustion 
chambers. 

Thermocouple protection tubes are 
being produced of an alumina cermet. 
Mill guides of titanium carbide are 
used in some of the country's largest 
rod producers for rolling AISI 1010, 
1020, and various other grades of alloy 
wire rod. Production downtime is re- 
duced markedly and scrap generation is 
decreased by 80 per cent. 

Other applications of cermets are ex- 
haust and intake valve seats, high-tem- 
perature water bearings, hot upsetting 
anvil inserts, spot welding electrodes, 
thread guide inserts, nozzle diaphragm 
guide vanes, gage anvils and blocks, 
fishing rod guides, bushings, high-tem- 
perature pressure vessels, and hot spin- 
ning tools. 

The advantages and disadvantages of 
cermets can be summarized as follows: 
Advantages: 

1. Greater thermal shock resistance 
than ceramics. 

2. Good wear resistance. 

3. Excellent mechanical properties 
at elevated temperature. 

4. High-temperature substitutes of 
critical metals. 

5. High strength-to-weight ratio. 
Disadvantages: 

1. Less thermal shock resistance than 
metals. 

2. Less ductility at all temperatures. 

3. High cost of fabrication. 
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Table I—Properties of Cermets Composed of Titanium Carbide With Nickel Binder 


sity, —— 
Ib/cu | 
in. | 


0.171 47 
47 
0.178 | | 51 

| | 2 49 
50 
49 


0.190 
— 
| 0.200 48 
47 





From: NACA Technical Note 


| Compression, | 
psi 

8 <10° 

7 X10* 

2 X10* 

2 10 

6 X10 

7 X10* 


0 X108 
0 10 


Com- | 
| pres- 
sion, 
| 1,000 | 

psi 


330 
327 


Modulus E “ Ten- 
- - - sion, 
1,000 


psi 


38 
37 


Shear, 
psi 


Tension, 
psi 

5 10 
0 x10* 


| 
| 
i 
| 


49 
49 


23.5 X10* | 


(b) 


4 X106 
0 10 


25 
23 


48 
47 


2 10 
7 X105 


65 
72 


353 
349 


74 
77 


350 
351 


46 
45 


7 X10* 
7 X10* 


25 
22 


8 X10* 
4X10* | 


114 
118 


47.9 X10* 
45.0 X10* 


27 
20 


5 X10* 


| 337 
4 X10* | 


335 


1 
3 
6 
2 
2 
6 
8 
0 


(a) Distance from fracture to center 
of test section, in. 
(b) No test. е 


Cermets of Titanium Carbide 
With Nickel Binder 


TO PROVIDE INFORMATION on their 
room-temperature mechanical proper- 
ties, an investigation was conducted on 
four cermets at Langley Aeronautical 
Laboratory. These data were obtained 
for possible use in the design of wind- 
tunnel models, model supports, pilot- 
less-aircraft research missiles, and other 
applications for which the primary req- 
uisites are high stiffness or high ratios 
of stiffness to weight. 

Cermet specimens of the following 
combinations of titanium carbide with 
nickel as a binder element were tested: 


TiC, 
per cent 
95 
90 
80 
70 


Ni, 
per cent 

5 

10 

20 

30 
The test specimens were fab- 
ricated at Kennametal, Inc., 
by the hot-pressing technique. 

Two specimens of each of 
the four compositions were 
tested in compression, tension, 
and torsional shear. These tests 
yielded the data given in Ta- 
ble I. These data include den- 
sity, Poisson's ratio, and mod- 
uli of elasticity. Complete 
stress-strain curves to failure 
were also obtained. The effect 
of the amount of binder mate- 
rial on elastic moduli and 
Poisson's ratio, and on ulti- 
mate strength is shown in 
Figs. 1 and 2. 

The densities given for the 
compositions were determined 


Modulus, 1,000 psi 


from the volumes and weights of the 
compression specimens. Hardness was 
determined from superficial hardness 
tests, Rockwell 30-N scale. 

Compression specimens were col- 
umns 3 in. long and 1 in. sq with end 
surfaces ground flat, parallel, and per- 
pendicular to the specimen axis. Com- 
pression was applied to the ends of the 
specimen through hardened tungsten 
carbide bearing blocks. 

The tension specimens had a test sec- 
tion 1^ in. dia by 214 in. long that was 
joined to conical ends by a fillet of 1 in. 


| Ultimate Strength 


- Com- 
pressive 
yield 
stress, 
1,000 

psi 


Modulus * 
to 
Density 
Ratio 


Tension 
fracture 
(a) 


| Shear, 
1,000 

| psi 

| 35.9 | 
(b) | 


55 
74 


I 
279 X 10* 
279 X10* 


288 X10* 
276 X10* 
88 
95 


266 «10 
262 X10* 


101 
99 


240 X10* 
235 X10 


(c) Not measured. 
(d) In fillet. 
Ratio of elastic modulus in compression to density. 


radius. The conical ends had an in- 
cluded angle of 40 deg. To remove cir- 
cumferential scratches caused when 
grinding the specimens to final shape, 
the surface of the test section was su- 
perfinished with 0-14 micron size dia- 
mond compound. 

The shear test specimens were hol- 
low cylinders with hexagonal ends. The 
test section had a length of 2 in., a wall 
thickness of V$ in., and an outside di- 
ameter of 114 in. Each hexagonal end 
was joined to the test section with a 
filler of 54 in. radius. 

REFERENCE 

NACA Technical Note 3197, "Mechani- 
cal Properties at Room Temperature of Four 
Cermets of Titanium Carbide With Nickel 
Binder,” by Aldie E. Johnson, Jr., Langley 
Aeronautical Laboratory. 


400 


Modus of elasticity, E 
9 


6 


Modulus of rigidity, 
0 a 


Poissons rotio 


Ultimate strength, 1,000 psi 


20 
Amount of nickel binder, percent 


Fig. 1 Above—Effect of amount of 
binder material on elastic moduli 
and Poisson’s ratio. 


Fig. 2 Right—Effect of amount of 
binder material on the ultimate 
strength of the cermets. 
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Fig. 1—Stress rupture lifes at 1100 F and 1200 F of Thermenol and AISI 310 and 321 stainless steels. 


From: NACA RM E54FIO0 


Stress Rupture and Tensile 


Strength of Thermenol 


AN OXIDATION RESISTANT ALLOY, 
which may be suitable for use at ele- 
vated temperatures has been developed 
by the Naval Ordnance Laboratory, 
Silver Springs, Md. This material 
known as Thermenol, is a nonstrategic 
iron base alloy containing 16 per cent 
aluminum. 

The data presented here were ob- 
tained in a preliminary investigation 
conducted by the NACA Lewis Labora- 
tory in cooperation with the Naval 
Ordnance Laboratory, Ref. 1. The pur- 
pose of the study was to determine 
stress-rupture properties of the alloy 
in sheet form at stresses ranging from 
10,000 to 50,000 psi at temperatures of 
1100 and 1200 F. Room temperature 
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tensile strength of the alloy was also 
determined. 

The test data obtained represent the 
first elevated temperature testing of the 
iron-aluminum base alloys. These data, 
therefore, do not necessarily represent 
the full potential of the iron-aluminum 
base alloy. 

For the stress-rupture and tensile 
tests, specimens were made from Ther- 
menol in the form of 0.020 in. sheet 
material that had been heat-treated at 
1922 F for 2 hours and air cooled. 
Chemical composition of the material 
was 16 per cent aluminum, 3.3 per 
cent molybdenum, and the remainder 
of iron. The Thermenol sheet was pro- 
duced from electrolytic iron, 99.99 per 


cent grade aluminum, and high purity 
molybdenum by vacuum melting, cast- 
ing the melt into ingots, and subse- 
quently hot-rolling the ingots to sheet 
size. 

The test section of the specimens 
was V in. wide by ?4 in. long between 
fillets; length of the specimens be- 
tween shoulders was approximately 
1.60 inches. 

Five stress rupture tests were made 
at 1200 F, nine stress rupture tests 
at 1100 F, and four tensile tests at 
room temperature. The initial stresses 
(at constant load) ranged from 10,000 
to 30,000 psi at 1200 F, and from 
10,000 to 50,000 psi at 1100 F. Elonga- 
tion of all specimens was assumed to 
occur only in the 24 in. gage length 
section, but actually the elongation 
measurements were taken at the shoul- 
ders of the specimens. 

Stress rupture test results are given 
in Table I. To furnish a basis for 
comparison, these data are plotted in 
Fig. 1 along with stress rupture data 
for the austenitic stainless steels AISI 
310 and 321. The data at 1100 F were 
obtained from Ref. 2 for the AISI 310 
and from Ref. 3 for the AISI 321. The 
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Table I—Stress-Rupture Life 


Stress, 
psi 


10,000 
15,000 
20,000 
25,000 
30,000 


10,000 
15,000 
20.000 
25,000 
30,000 
, 000 
‚000 
000 

, 000 


' Corrected value; accidentally unloaded for 
258 hr near end of test At temperature 
1054 hours 


of Thermenol 


Life, Elongation in ?4 in. 
hr length, per cent 


121^ 
54 
38 
23 
12 


4 


2 
10° 
62 
33 


o 
K 


12 
17 


D oU) M CD سم‎ Un 


33 


^ Includes elongation of entire specimen. 
* Test stopped; specimens unfailed 
! Broke in grips 


Table II—Stress Rupture Strength of Thermenol 
and Two Stainless Steels 


1100 


Temperature, F 


1200 


Stress to produce rupture, psi 


Alloy 100 hr 
35,500 
31,700 
40,000 


Thermenol 
AISI 310 
AISI 321 


1000 hr 


23,000 
25,000 
26,000 


100 Һг 1000 hr 
19 , 300 
19,000 
26.000 


10,000 
13,700 
17,400 


Table III—Room-Temperature Ultimate Strength of Thermenol 
Compared With AISI 310 and 321 


Alloy Stress, psi 
65,400 
64,800 

,900 
‚500 


Thermenol 


‚050 


AISI 310 
AISI 321 


* 2 in. gage length, Ref. 4 
^ Broke outside gage length. 


1200 F data on both stainless steels 
were obtained from the Thomson 
Laboratory of the General Electric 
Company. 

The alloy AISI 310 is a 25 per cent 
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Elongation in 34 in.-gage 
length, per cent 


chromium, 20 per cent nickel stain- 
less steel with approximately 0.25 per 
cent carbon. 

The alloy AISI 321 is a titanium 
stabilized 18 per cent chromium, 10 
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per cent nickel stainless steel with 0.1 
per cent maximum carbon. 

At 1200 F, the stress-rupture life 
of Thermenol is less than that of 
AISI 321 and greater than that of 
AISI 310 for times less than 100 
hours. For times greater than 100 
hours, the stress rupture strength of 
Thermenol is below that of both stain- 
less steels. 

At 1100 F, the stress-rupture 
strength of Thermenol is approxi- 
mately equal to that of the stainless 
steels. 

To facilitate a comparison, in Tabie 
II is given the stress to produce rup- 
ture in 100-and in 1000 hours at 1100 
and 1200 F for .each alloy. 

In Table I, the elongation of stress 
rupture specimens are given. 

At 1200 F, the specimen stressed 
10,000 psi yielded an elongation of 121 
per cent based on the 34 іп. gage 
length. This specimen elongated ap- 
preciably in the shoulders, therefore, it 
is not correct to report the elongation 
as occurring in the gage length. 

In all the stress rupture tests, some 
creep did occur in the radii beyond the 
^4 in. gage length and is incorporated 
in the reported data; thus, the results 
are slightly in error. 

Room temperature tensile strength 
and elongations of four specimens of 
Thermenol are given in Table III along 
with those of AISI 310 and AISI 321 
as reported in Ref. 4. The data show 
that Thermenol is considerably more 
brittle. 

A quasi-quantitative ductility test, 
which measured angle of bend in de- 
grees, did not specifically indicate bend 
anisotropy between longitudinal and 
transverse directions. Ductilities in the 
longitudinal and transverse directions 
at room temperature were about equal. 


REFERENCES 


1. Gyorgak, C.A.: “Preliminary Investiga- 
tion of Stress-Rupture and Tensile Strength 
of Thermenol, An Iron-Aluminum Alloy.” 
NACA RM E54F10, Lewis Flight Propul- 
sion Laboratory. 


2. Anon: Digest of Steels for High Tem- 
perature Service. Fifth edition, Steel and 
Tube Div., The Timken Roller Bearing 


Company. 


3. Smith, G. V.; Dulis, E. J.; and Houston, 
E. G.: “Creep and Rupture of Several 
Chromium-Nickel Austenitic Stainless 
Steeis.” Trans. ASM, vol. 42, 1950, p 935- 
980. 


á. Anon: Steels for Elevated Temperature 
Service. United States Steel, Carnegie- 
Illinois Steel Corporation. 





From: AMERICAN NICKELOID CO. 


Fabrication Properties of 
Pre-Plated Metals 


Pre-plated metal sheet with reason- 
able care can be fabricated in the 
same manner as plain sheet metal. 
Advantages of the materials in- 


clude: reduction in number of 


finishing operations—cleaning, plat- 
ing, polishing, and painting. 


PRE-PLATED METALS in the form of 
pre-polished sheet and strip stock can 
be soldered, riveted, blanked, drawn, 
bent, formed, welded, seamed and 
etched, with the same processes and 
machines used for other sheet metals. 
Variations are mostly in the additional 
care that must be taken not to mark 
the surface during product manufac- 
turing operations. Like other sheet 
materials, the degree to which pre- 
plated sheet materials are adaptable to 
a specific manufacturing process de- 
pends upon the properties of the basic 
metal or metals. For example, as 
shown in Table I, nickel or chrome on 
zinc have poor welding qualities; 
nickel or chrome on aluminum have 
fair properties, while nickel or chrome 
on steel have good welding quality. 

The manufacturing process is not 
the only criteria in the selection of a 
metal combination. Final use and 
appearance are also important. Some 
other important physical properties 
such as heat resistance, corrosion re- 
sistance, and etching properties are 
given in Table I. The numerous 
plated finishes afford the designer a 
wide choice in the selection of color. 
Since pre-plated sheets are made in 
striped, crimped, and embossed pat- 
terns, either in bright or in satin 
finish, the quality appearance of the 
product is enhanced. 

SOLDERING: Pre-plated metals can 
be soldered using paste flux material. 
Copper, brass or nickel finished metals 
can be soldered, providing the surface 
is not lacquered, or if the lacquer is 
removed in the area to be soldered. 

From areas that are to be soldered, 
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chrome plate can be removed with a 
sharp scraping tool. As an alternate, 
muriatic acid may be used. 

Most commonly used solder is 50 
per cent tin and 50 per cent lead. Vari- 
ations, 40-60 or 60-40, are sometimes 
used. Although nickel or chromium 
on aluminum can be soldered, a heavier 
film of solder is required at the joint 
of a seam. Reason: the exposed raw 
edge must be bridged since solder does 
not adhere readily to raw aluminum. 

RIVETING: Care is required, when 
riveting, to prevent hammer blows 
from damaging or marring the bright 
surface. Cold riveting is preferred, 
since excessive heat oxidizes the plated 
surface. 

BLANKING: Similar to plain metal 
blanking except care must be used in 
handling the finished metal Tools, 
dies, and other parts should be fre- 
quently checked for rough edges. 

Punch and die should be lightly 
lubricated to prevent metal build-up 
on the cutting edges. Emulsified oils 
should not be used unless the parts 
are cleaned and dried immediately 
after blanking. Such lubricants con- 
tain water and may start stain Or COT- 
rosion. Chromium plating the die 
does not increase the die life—better 
to use the best grade of steel and 
sharpen when necessary. 

DRAWING: Elongation of the metal 
distorts grain structure of the base 
metal; some distortion of the plated 
surface also occurs. If the amount of 
draw is enough to cause a dull “orange 
peel” effect on the unplated metal, the 
operation will produce the same effect 
on plated metal. A nickel or chromium 
plate adds about 10 per cent to the 
tensile strength of the base metal; re- 
duces ductility about the same amount. 

Lubrication is important, especially 
where ratio of draw to diameter is 
large. Soluble oils are satisfactory if 
the parts are cleaned and dried soon 
after drawing to prevent staining and 
corrosion. Metal should receive a 
fairly uniform coating of oil—other- 
wise breakage may result. 


BENDING: Material can be formed 
with a power brake, press brake, or 
folder. Frequent inspection of tools 
and machines is necessary to remove 
nicks and rough edges. Generous radii 
are recommended to prevent excessive 
distortion at the bent edge. 

FORMING: Tools should be in- 
spected frequently for sharp nicks, 
rough edges and other marks. A fine 
polish and chromium plating are bene- 
ficial since they increase tool life. 
Special bronze dies are found effective 
in minimizing metal pick-up and dam- 
age to the surface. 

Plated metal has more springback 
than raw stock; so allowance should be 
made in aligning dies. Distortion can 
be kept to a minimum by making the 
forming angles as large as possible. 
Ferrous metals are usually fabricated 
at slower speeds than nonferrous ma- 
terials. 

Lubrication is usually not needed, 
thus eliminating cleaning operations. 

WELDING: Spot welding can be 
used to join plated metals. The heat 
resulting from gas or flame welding 
destroys the plated surface. 

Proper current, pressure and time 
setting will produce a weld free of 
visible oxidation. Welding tips should 
be cleaned at frequent intervals and the 
welder should be large enough to per- 
mit short, accurate timing and also be 
fully synchronous with timer and 
contactor. 

SEAMING: Plated metals can be 
seamed like most other metals. The 
general rules for bending apply here. 
For side locked seams, the thick edge 
machine should be used instead of a 
burring machine. In forming a wired 
edge, use a radius the same as that 
of the wire radius. 

ETCHING: For etching, the metal 
surfaces should be carefully cleaned. 
The face side of the sheet is printed, 
dusted with resist, and baked. Resist 
is then applied to the reverse side of 
the sheet and baked. 

The plating can then be removed in 
a variety of ways. Chrome is stripped 
by emersion in muriatic acid. Nickel 
is removed with a bright dip or by 
using a reverse current in a sulphuric 
acid strip tank, or a weak nitric acid 
solution. 

Chrome or nickel on brass are the 
most common metals used for etching. 
Chrome or nickel on copper or steel, 
and brass on copper or steel have also 
been used successfully. The tint metals 
are not suitable for etching. 
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Weirzin 


make better products 


... more economically 


Weirzin is an electrolytic zinc-coated sheet 
produced by modern methods—supplied 
with commercial coating as WEIRZIN, 
and with a flash zinc coating chemically 
treated as WEIRZIN PAINT-RITE. 


Weirzin and Weirzin Paint-Rite are espe- 
cially adaptable to difficult deep drawing 
and forming operations— will not peel or 
flake. The zinc remains intact—of even 
thickness—forming an impervious protec- 
tive coating. This tight electrolytic zinc 
coating lubricates dies without leaving a 
deposit. Die maintenance costs are re- 
duced, and die life is increased by as much 
as 300 per cent! 


Weirzin weathers well. When chemically 
treated it assures long-time adhesion for 
enamel, paint, or lacquer. The finish clings 
to Weirzin. Moreover, it successfully resists 
heat and moisture—even under adverse 
conditions. 


No wonder so many manufacturers choose 
Weirzin—to make better products 
more economically! 


Max. .0478 Min. .010 
Max. 36" Min. 2” 
Ss lg Min. 18" 


*Weirzin can be supplied in gauges lighter than .040 up to 
a maximum width of 36" and in gauges .040 and heavier 

in a preferred maximum width of 26". Cut lengths are 
supplied over 4" wide, .015 and heavier. Sizes 

beyond above limits to be submitted. 





assures high fatigue 


resistance ... easier cold 


forming or blanking 


The high quality of Weirton High-Carbon 
Strip cold-rolled spring steel makes cold 
forming or blanking easier and allows it to 
meet the requirements for a wide Variety ol 
products where high fatigue resistance is a 
principal factor. 


You can count on Weirton High-Carbon 
Strip cold-rolled spring steel . . . for accurate 
response to heat treatment—uniformity of 
gauge and width — uniform chemical and 
physical properties—exact constancy of grain 


structure—controlled decarburization limits. 


Weirton High-Carbon Strip cold-rolled spring 
steel is supplied with the desired chemical 
analysis and for specified heat treating and 
hardness ranges in strips up to 7 inches wide. 
Weirton metallurgists will be glad to help 
customers work out the correct specifications 
for their applications. 


^t «RU 
je o ê Y 
* ; )PHEROIDIZED AND PEARLITIC 


5 
l k о STRUCTURES 
M 


The photomicrographs illustrate the 
two structural forms of Weirton spring 
steel. At the top the steel has been 
spheroidized and annealed — soft and 
ductile, it is ideal for cold forming 
operations. Below is the pearlitic steel 
structure that is so essential to clean, 
economical blanking procedure. 


cold-rolled specifications 


Minimum Maximum WEIRTON STEEL COMPANY 


A 062 4" 7” WEIRTON, WEST VIRGINIA 
A re re м” y" 
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DESIGN for lasting beauty and utility 


with EXPANDED STAINLESS STEEL 


Shining examples of expanded 
stainless steel beauty, are the panels 
for the engine compartment of the 
large passenger coach shown here. 


They're in perfect harmony with 
the rest of the stainless exterior. 
And, they are corrosive-resistant, 
easy-to-clean, durable. What's 
more, the open mesh permits air 
to circulate freely. 


Penmetal expanded stainless 
steel is sheet metal that has been 
slit and expanded to as much as 
ten times its original width. Up to 
8096 lighter than solid sheet of the 
same dimensions, the diamond 
truss pattern adds rigidity and 
strength. Also available in carbon 
steel, aluminum, Monel, Inconel 
and other metals; large or small 
mesh; light or heavy gauge. 


With its clean modern look, 
high utility, yet economical cost, 
Penmetal expanded stainless steel 
might well be your first step 
towards new markets and new 
profits. For details of Penmetal ex- 
panded stainless steel, send for new 
folder 506-EM. 


PENN METAL COMPANY, INC. 
General Sales Office: 
205 East 42nd Street, New York 17, N. Y. 
Plant: Parkersburg, W. Va. 


EXPANDED STAINLESS STEEL 
shelf in low temperature re- 
frigerated water bath. The ex- 
terior expanded metal is of 
carbon steel. 


E m DU Dos TOU РИСУ 
\ 
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The Properties 
of Straits Tin 


No other metal combines all the properties of 
Straits Tin. No other metal can do so many 
different kinds of jobs so economically and 
so well. 


Because it is corrosion-resistant, nontoxic and 
tasteless, tin is a perfect metal for the packaging 
of food. Today more than 400 different food 
products come in tin cans. Currently, more than 
half of the tin for these cans is Straits Tin 
from Malaya. 


Because it wets metals readily, flows easily, 
adheres firmly, and has a relatively low melting 
point (450°F.), tin is the key component of sol- 
der. And tin-rich solders are the best and most 
efficient means for making corrosion-resistant, 
impermeable, electrically conductive joints at 
low temperatures. 


A unique combination of properties makes 
Straits Tin a particularly useful component of 
bronzes. Tin hardens and strengthens copper 
twice as effectively as zinc, and provides much 
better resistance to corrosion. 

Because of its antifriction qualities, resistance 
to corrosion, conformability, and good em- 
bedding characteristics, tin is invaluable in 
bearing metals. Without tin-base or tin alloy 


MALAYAN 


A new booklet, “Straits Tin: A Most Useful Metal for Ameri- 
can Industry,” tells a factual and intriguing story of the many 
new ways tin can be used today. A copy is yours for the asking. 


bearings, the wheels of industry could not turn 
so smoothly and efficiently. 


And Straits Tin is not only one of our most 
useful metals. It is now fast becoming one of 
our most valued chemicals. Tin in chemical 
compounds — stabilizers, opacifiers, antioxi- 
dants, preservatives — is contributing greatly 
in the competitive race for improvement in 
products from plastics and the new chlorinated 
rubber paints to ceramics, sensitized paper — 
now even jute bags. 


Take a New Look at Straits Tin 
Over one-third of the world’s tin is mined and 
smelted in Malaya. Known as Straits Tin, this 
metal is over 99.87% pure, and is world-famous 
for its absolute reliability of grade. 


Today new uses for Straits Tin are making 
it more valuable than ever to American indus- 
try. And continuing research will, in the near 
future, find still more ways in which Straits Tin 
can serve you. Whether you're planning a new 
product, improving an old one, or seeking ways 
to avoid the squeeze between rising costs and 
resistance to higher product prices, a careful 
reappraisal of the properties of Straits Tin may 
uncover a profitable answer to your problem. 


— 
| STRAITS TIN 


A BOSI SUR MIN 


THE MALAYAN TIN BUREAU 
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NOW IN PRODUCTION 


EXTRUDED 


SECTIONS 


[HOT EXTRUDED and COLD DRAWN] 


"~ Jels 


NEW PLANT 


This modern new plant, now in production, can 
tailor-make Extruded Sections (hot extruded and cold 
drawn) to your specifications. Here, complex sections 
that cannot be rolled can be custom-made for you... 
quickly and economically. 

J&L’s ingenious new equipment makes possible the 
production of sections that are preformed to the 
predominating cross section of the part you wish to 
produce. The range of sections that can be produced 
is almost unlimited. 

Quantities also are extremely flexible. Even the 
production of a single extrusion of less than 100 Ibs. 
is practical. 

In addition, J&L’s Extruded Sections possess the 
physical benefits and accurate tolerances derived from 
cold drawing. And, you can obtain them in a wide 
range of analyses. 

Complete information is available now. Send us 
your inquiry—today. 


Sones ¢ Laughlin 


STEEL CORPORATION — Pittsburgh 


Close-up of the 1000-ton hot extrusion press at Jones & 
Laughlin Steel Corporation, Pittsburgh. Hot billet is being 
pushed into the die container. The ram then forces it 
through the die. 


Examples of sections that can be produced to your order 
More intricate sections are also possible. The section 
you need is custom-made to your requirements. 


J&L's Extruded Sections 
help speed your production 
and reduce your costs 


With J&L’s Extruded Sections you can: 

1. Eliminate time and costs in machining operations. 

2. Eliminate time and costs in finishing operations. 

3. Reduce scrap losses practically to the zero point. 

4. Eliminate the cost of castings and forgings of intricate 
sections requiring considerable machining. 


USE THIS HANDY COUPON 


Jones & Laughlin Steel Corporation 
3 Gateway Center, Dept. 409, Pittsburgh 30, Pa. 


| am interested in knowing what your 
extruded sections can do for me 


Name 





Company. 
Street... 
Сиу. 





(Advertisement) 


Produce i diea i 

Ц E 1 A 1 р u В Ї 5 Metal E. 
with BLUEPRINT ACCURACY Offers 

ы l | Real Advantage 


Metal Powder Headquarters provides 
quick means of obtaining answers 
to right powders to use 


Regardless of the kind or type of 
Metal Powder required, a single call to 
MD (Metal Powder Headquarters) 
brings an answer to a Powder Metal- 
lurgy problem and the correct type of 
Metal Powder to meet that particular 
requirement. 

[D has pioneered many of the major 
developments in Powder Metallurgy 
and is prepared to manufacture for you 
the following metal powders, in various 
mesh sizes. They will be glad to discuss 
with you the processing of "special" 
powders needed for your requirements. 

Aluminum Powder 
Brass Powder 
Bronze Powder 
Cadmium Powder 
Copper Powder 
Iron Powder 

Lead Powder 
Nickel Powder 
Phosphor Powder 
Silver Solder Powder 
Solder Powder 


Whether you make a few parts or thousands you can often Special Alloy Powder 
in 


Powder 
Titanium Powder 
Zine Powder 
M E TA L POWD E R 5 Antimony, Bismuth, Chromium, 
Magnesium, Manganese and 
Tn اة‎ 
Here's Why! Powder Metallurgy is speedy and accurate. Parts may be so — roves -— 

. ‚2. | | This one-stop service and availability 
pressed and sintered that many machinings and other production operations is yours by reason of the experience 
are eliminated or simplified. P gained by MD through years of re- 

imi implified. Parts can be produced to close tolerances. search and development. Today, MD 

A : is the only metal powder manufacturer 

Powder metal parts are economical. There's no waste metal. Unused powder making a complete line of Metal 
after pressing can be used again. Powders. 


MD Metal Pigments Widely Used 

3 AV E T I M E om SAV Е e O 5 T © MD also manufactures Aluminum 

р me — and Gold t 

owders for a wide range of uses such 

MD Metal Powders are dependable because they are the result of over as product finishing both metal and 
35 years of research and manufacture by MD, the pioneer in metal powder plastics, metallic inks, etc. The decora- 
ducal tion of many parts can be greatly en- 
evelopment. hanced with the use of such Metal 
Consult MD for thoroughly experienced advice Pigments. Aluminum — paints 


* are recognized for their outstanding 
and names of recognized qualified molders. protective qualities and can be used for 


priming as well as finish coats. 


METALS DISINTEGRATING COMPANY, INC. MD Oldest Shot and Grit 


Manufacturer 
Elizabeth B • Мем Je "sey The Harrison Abrasive Division of 


Plonts: MD is the pioneer manufacturer of 
Elizabeth, N. J.: M Е һ N.H Shot and Grit in this country. Harrison 
METAL POWDERS пезеп, N. 3.; Manchester, Н. Н. “Chilled” Shot and Harrison Diamond 
Berkeley, Colif.; Emeryville, Calif. Grit are widely used in the metal trades 
METAL PIGMENTS for cleaning of castings, forgings and 
many metal parts. The new Harrison 
METAL ABRASIVES ., L/D Cut-Wire Shot meets the require- 
a ments for cleaning and peening of 
pus metal parts. 

SUBSIDIARY OF AMERICAN-MARIETTA COMPANY Numerous Technical Bulletins are 

available on request. 


do the job faster and at lower fabricating cost with— 
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good 
reasons 


for specifying AMSCO” x J MANGANESE STEEL 


it is virtually nonmagnetic it remains tough at low temperatures 


Untransformed austenite of 13% manganese steel Like most austenitic structures, manganese steel re- 


is virtually nonmagnetic. This permits its use where mains tough at extreme low temperatures. Even in 
a strong, tough nonmagnetic metal is required, as arctic climates where lows to 100°F below zero may 
in magnet cover plates, crane collector shoes and 
similar applications. And it is probably the most 


economical strong material for nonmagnetic parts 


be encountered, it still retains a valuable safety factor. 
It has proved ideal for such applications as railway 
trackwork, mining equipment, etc. 

if machining is not required. 


it work-hardens it resists wear 


Manganese steel has no equal in its ability to work- The combination of toughness and ductility, together 


harden, exceeding even the austenitic stainless steels with the work-hardening property of manganese steel, 


in this respect. The maximum hardness practically makes it an ideal metal for parts subject to impact 


attainable is about 550 BHN. But equally impor- coupled with abrasion. 


tant, manganese steel work-hardens at the point of wear. 


| 
| 
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| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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| 
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For a more complete technical discussion of manganese steel and its 
inherent design features, write for this free booklet 


AMERICAN MANGANESE STEEL DIVISION 


it has slow crack propagation a 


Name 


The slow propagation rate on cracking provides a 
built-in safety feature. Early determination of im- 
pending failure can be seen and remedied, thus 


Address 
eliminating costly down time and possible damage — 


to dependent parts or assemblies. Company 





Y------------------- 


AMERICAN MANGANESE STEEL DIVISION 


Chicago Heights, 
Illinois 
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You'll find the grade you want... 
the finish you want... 


GRADES 


— A-L$-LTYP£ — — — — 1-55 DESIGNATION — 
3OO SERIES | 


U'S'S 17-7 
0 5:5 18-8 


05:5 18-8FM 
0-5-5 18-8FMSe 
05:5 18-85 
05:5 18-85 C.03 Max. 
0 5:5 18-8FS 
05:5 20-105 
U'S:S 25-12 
U'S'S 25-125 
0:5 :5 25-20 

0 5:5 25-205 
0:55 25-2051 
05:5 18-8Mo 


0-5-5 18-8Мо С.03 Мах. 


0-5 :5 19-9Mo 
0:5 :5 18-8МоСЬТа 
05:5 18-8Ti 
05:5 18-8Cb 
05:5 18-8CbTa 
05:5 12-12 

400 SERIES 


0:5 :5 12 Turbine 
U'S:S 12AL 
05:5 12 

U'S:S 12FM 
U'S:S 12FMSe 


0-5-5 17 


500 SERIES 


05:5 5Мо 
05:5 55Мо 


B38 


SHEETS 


| 


Finishes 


Thicknesses 
Widths 
Lengths 


PLATES 


| 
| 
| 
| 
| 


АМ 


Finishes 
Thicknesses 
Widths 
Lengths 


GLES 


Finish 
Thicknesses 
Sizes 
Lengths 


BARS 


Rounds, Squares, Octagons, Hexagons, 
Special Sections 


| 


SEMI-FINISHED 


Finishes 


Sizes 
Lengths 


PRODUCTS 


—No. 1-—No. 2D—No. 2B—No. 3 
No. 4—No. 6—No. 7 

—from .014" to .1874" 

—from 24" to 72" 

—up to 196" in cut lengths 
Also available in coils up to 48" 
(only in unpolished finishes 
2B and 2D) 


—HR —HRA —HRA&P —Polished 
—.1875" and heavier 

—over 10" to 132" 

—up to 432" 


—HRA&P 

—from 4" to 14" 

—from ?4" x 3A" to 8" x 8" 
— up to 360" 


—HR —HRA —HRA&P—CD — 
RT—CF—CG & Polished (Rounds only) 
(Rolled or Extruded) 

—from *Ás" to 9" 

—up to 360” 


Blooms— Billets 


Thicknesses 
Widths 


| 
FLATS 


Finishes 
Thicknesses 
Widths 


Lengths 


—from 4" to 1574" 
— from 4" to 1574" 


—HR —HRA —HRA&P—CD 
—from %4” to 2%" 

—from %”" to 10” 

—up to 360” 
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the size you want... 


m U*S*S Stainless Steel 


- 


PRODUCTS 


WIRE 
Coils and Straight and Cut 


Finishes —Copper, Lead, Tin, Galvanized, Wax, 
Bright, Oil, Soap, Lime 

Sizes —from .008 to .500 

Lengths —from 12” to 22’. 


COLD-ROLLED STRIP 


Coils and Straight and Cut 


Finishes —MNo. 1, No. 2 
Thicknesses — —from .010" to .1874" 
Widths — from 3" to 235" 
Lengths —from 12" to 20' 


i 
| 
| 
TUBING 
Finishes — Standard Pickle, Grit No.'s 80, 120, 180, 
320 and range polishing 
O.D. Sizes  —from 'A" to 9" 


Lengths — Comparable to other carbon, alloy 
cold-drawn tubing 


All these products are available in the South 
from Tennessee Coal & Iron Division 
and in the West from Columbia-Geneva Steel Division 


UNITED STATES STEEL CORPORATION, PITTSBURGH * AMERICAN STEEL & WIRE DIVISION, CLEVELAND + 
NATIONAL TUBE DIVISION, PITTSBURGH - TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. - UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


TAINLESS STEEL wire as thin as a 
hair or as thick as your thumb 
. . . Stainless Steel plates “as big as 
the side of a house” . . . Stainless 
Steel pipe and tubing in a wide range 
of analyses and in all commercial 
sizes . . . you get them from United 
States Steel. 

You have the widest possible free- 
dom in selecting the grade, shape 
and finish that fit your design and 
fabricating procedure. And we'll be 
glad to discuss the special orders that 
may go beyond the catalog range. 

Keep in mind, too, the fact that 
our mills have roll passes for an un- 
usually broad range of sections for 
special applications. New rolls can 
be cut for others if requirements 
justify the need. 

Along with this wide selection goes 
top quality when you use U.S.S 
Stainless Steel—a perfected, service- 
tested material that is made to give 
the finest performance, both in fab- 
rication and in end use. 

You also receive the assistance of 
our representatives in helping you to 
cut fabricating costs and achieve the 
best results through selection of the 
proper grade, size and finish for your 
job. 

For everything you want in Stain- 
less Steel, come to "Stainless hegd- 
quarters" —United States Steel. 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 


U-$:$ STAINLESS STEEL 


SHEETS - STRIP - PLATES - * BILLETS - PIPE - TUBES - 


o X am SR МИИ А о 
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When you need these properties, 


it’s well to review the following facts: 


Your inquiry on any or all of the above will bring literature and detailed information. 


Reducing the weight 
of assemblies 


This teleprinter cover, deep-drawn from 
.065" thick magnesium, weighs only 3 Ibs. 
13 oz. If it were made of steel, it would 
weigh almost 18 Ibs.; or of aluminum, 
about 5%; Ibs. 


In a wide range of products such as 


housings and covers, direct gauge-for- 
gauge substitution is often possible. 

Magnesium gives you lightness plus 
excellent drawability. 

B&P engineers will help you redesign 
in magnesium. B&P offers the magnesium 
industry's most complete facilities for fab- 
rication and assembly. 


Table of Comparative Weights 
(Specific Gravities) 
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Cast iron 
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Maximum stiffness 
with minimum weight 


Of all structural metals, magnesium has 
the highest stiffness-to-weight ratio. 
Modulus of elasticity for magnesium is 
6.5 million pounds per square inch; for 
aluminum 10 million; and for steel 29 


B40 


million. Stiffness is resistance of a mate- 
rial to deflection under a given load within 
the elastic limit. The amount of such de- 
flection is proportional to the moment of 
inertia of the beam multiplied by the elas- 
ticity modulus of the material. 


THESE BEAMS ARE OF EQUAL STIFFNESS. Rel- 
ative Stiffness in Bending, based on rectangular 
beams of constant width and equal weight: STEEL 
1.0; ALUMINUM 8.9; MAGNESIUM 18.9. 


When a part previously of steel or alum- 
inum is being redesigned for magnesium, 
the moment of inertia must be increased 
in proportion to the lower elastic modulus 
of magnesium to obtain the same stiffness. 
But—the moment of inertia increases as 
the cube of the thickness of the beam. So 
—very little added thickness tremendous- 
ly increases stiffness. The net result is a 
slightly thicker section for the magnesium 
part, and a marked reduction in weight. 


This is why magnesium is used for floor 
beams in airplanes; for radar feed horns 
and reflectors where low inertia and high 
stifness are required; and for hundreds 
of other similar applications. 


Creep resistance 
at 300° -700° F. 


In this temperature range, use the thorium- 
containing alloys of magnesium. They are 
the only satisfactory meta!s which com- 
bine creep resistance with good strength 
and light weight. 


BROOKS & PERKINS, 


For designers of high speed jet planes, 
rockets, and guided missiles, this solves a 
problem. Formerly it was thought neces- 
sary to use heavy materials. They are less 
satisfactory than these magnesium alloys. 


Formerly available in the form of cast- 
ings only, thorium-containing magnesium 
alloys now come in rolled sheet. B&P's 
mill produces this sheet. 


TENSILE STRENGTH AT 
ELEVATED TEMPERATURES 


60,000 


c+ 7075S-Tó ALUMINUM 


2024S-Tó ALUMINUM 


HK31-T6 
MAGNESIUM- 
THORIUM 


TENSILE STRENGTH IN PSI 


AZ31-O MAGNESIUM 


400 500 


TEMPERATURE IN ^F 


INC. 


Fabricators of Magnesium and Titanium 


LIGHTNESS 


` 
o o PLUS? 


1956 W. Fort St. èe Detroit 16, Mich. « Phone TAshmoo 5-5900 


Engineering 
and Design 


Rolled Sheet 
and Plate 


Fabrication 
into Assemblies 
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FOR PRODUCTS AND PARTS THAT NEED... 


@ EXCELLENT MECHANICAL PROPERTIES 
€ RESISTANCE TO HEAT AND CORROSION 
INTERESTING ELECTRICAL PROPERTIES 


Nickel and Nickel Alloys, Stainless Steels, 
Resistance Alloys, Nickel-Clad Copper, Alu- 
minum-clad steel and many other special 
alloys have been our business since 1919. 
Our wire, rod and strip is widely used for 
high temperature springs, switch parts, cor- 
rosion resistant fasteners, electron tube parts, 
interference shielding and many other elec- 


trical and mechanical parts used in industry. 


Alloy wire is available in diameters from 
.002" to '4"; rods and straightened wire all 
sizes from .031" to 2"; strip in widths to 6" 
and thicknesses from .003" to .156". 

Buy your materials with confidence from 
Alloy Metal Wire Division. You're sure of fast 
deliveries from stock, highest quality mate- 
rials—and reliable technical service on your 


wire, rod or strip problems. 


A Guide to 
MATERIAL SELECTION 


Alloy Metal Wire Division can provide you with 
more than 20 different grades of stainless 
steels. These include the chromium-nickel 
Austenitic grades with their outstanding cor- 
rosion resistance and good mechanical proper- 
ties; the high chromium Ferritic grades with 
their high heat resistance, corrosion resistance, 
and cutstanding cold working properties; and 
the lower chromium Martensitic grades which 
can be heat treated to obtain exceptionally 
high strength and hardness in addition to 
good resistance to corrosion and high tem- 
peratures. Stainless steel Wire, Rod and Strip 
are used extensively for high strength and 
corrosion-resistant fasteners, springs and me- 
chanical parts and for welding wire, woven 
and knitted wire parts, and many other ap- 
plications. 


NICKEL ALLOYS — 


A wide variety of Nickel alloys are also avail- 
able for hundreds of electrical and mechanical 
applications. The excellent electrical charac. 
teristics of nickel are especially advantageous 
for electronic tube parts, such as grids, cath- 
odes, support rods and pins. Monel, because 
of its excellent corrosion resistance and good 
mechanical properties, is also used for many 
mechanical parts, fasteners and springs. 

Inconel provides the valuable combination 
of outstanding heat resistance, corrosion re- 
sistance and high strength required in many 
applications. 


RESISTANCE ALLOYS — 


Five grades of electrical resistance alloys are 
now in production in wire, rod and strip form. 
These are: Alray A—20 Cr, 80Ni; Alray C—15 Cr, 
62Ni, bal Fe; Airay D—18 Cr, 35Ni, bal Fe; 
Excelsior—45 Ni, 55 Cu; and Ni- Fe alloys. 

These high quality alloys find extensive ap- 
plications in the electrical and electronic 
fields. 


SPECIAL WIRE SHAPES — 


You can cut costs and improve product per- 
formance with Alloy Metal's Special Shaped 
Wire. Almost any cross-sectional shape can 
be made on our wire drawing equipment. These 
shapes can save you tons of metal and many 
hours of machining time. Shaped wire can be 
held to close tolerances and has a smooth, 
tough, flaw-free surface. 


SEND TODAY FOR OUR FREE HANDBOOKS 


ALLOY METAL WIRE DIVISION 


{ H. K. PORTER COMPANY, INC. 
: Prospect Park, Pennsylvania 
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TRUFLEX THERMOSTAT METALS 


TRUFLEX thermostat metals are manufactured in 
a wide variety of types, each with a different re- 
action to temperature. Uniformity of metal insures 
accurate and consistent performance. Precision 
parts fabricated to exact specifications. 


COMPOSITE CONTACT MATERIAL 


Precious metals and alloys bonded to base metals 


COMPOSITE METALS 
Available in practically any combination of precious to 
тесе, precious to base or base to base metals. Com- 
na 


tions for electronics include aluminum-clad iron, 
nickel-clad iron for anode materials. 


COMPOSITE CONTACTS 
General Plate can supply all types of fabricated composite 


COPPER 
ALUMINUM 
COPPER 


ALCUPLATE 
Copper-clad aluminum for component cases or 
cans Chessin, cooling fins, etc., light weight, 


excellent co uctivity. Cop: surface is ideal for 
soft soldering and electroplating. 


WAVE GUIDE and COLLECTOR RINGS 
RECTANGULAR WAVE GUIDES. Solid silver, 


double edgelay, singl: | 
ready for you to fabricate into contacts. 


available in following types — overlay, single and 
e and double m tåg Top-lay, 


contacts, buttons, rivets, contact assemblies made to 
customer's specifications. These contacts give electrical ment s 
conductivity and long life at reduced costs. 


silver lined brass or aluminum. Sizes to govern- 
ifications. р 
COLLECTOR RINGS. Solid silver or precious 
metal on base metal. All sizes. 


Сот е ое 


that solve your Design Problems 


General Plate Composite Metals, made by metallurgically bonding 
one metal to another, are available in sheet, strip, tubing or wire in various 
widths, thicknesses and diameters. 


Silver, gold and platinum-group metals bonded on base metals give solid 
precious metal performance at a fraction of the cost of solid precious metal. 
The precious metal provides specific performance requirements such as 
electrical conductivity and corrosion resistance while the base metal pro- 
vides workability, strength, and solderability. 


Composite base metals provide a new group of engineering metals with 
properties not available in solid metals. Their use frequently results in 
lower material costs as compared to solid metals. 


In many electronic applications further economy results when General 
Plate supplies fabricated parts ready for assembly into your product. Gen- 
eral Plate makes an infinite variety of fabricated parts, such as electrical 
contacts, collector rings and TRUFLEX thermostat metal parts to cus- 
tomer's exact specifications. 


General Plate Engineers will gladly help you with your problems. 


METALS & CONTROLS CORPORATION 
GENERAL PLATE DIVISION 


400 FOREST STREET 
ATTLEBORO, MASSACHUSETTS 


® Alfer, Alnifer®, Nifer®— Aluminum and Nickel-clad 
steel for anode plates. 


® Alcuplate® — Copper-clad aluminum for component 
cases, chassis, cooling fins, condenser blades, etc. 


* Alsiplate® — Silver-clad aluminum for lightweight 
condensers, etc. 


* Composite Contacts and Contact Materials — Increased 
strength and longer life at reduced cost. 


* Collector Rings — Fabricated from solid precious metals 
or precious-clad base metals. Sizes ranging from frac- 
tion of an inch to few feet in diameter. 


© Truflex® Thermostat Metal — Sheet strip, formed ele- 
ments and assemblies produced to specification. 


© Thin Gauge Metals — Beryllium copper, nickel, pure 
beryllium, Haynes Stellite alloys, etc. 


* Platinum-Group Metals — Sheet, wire, tubing, parts of 
all types. Complete assay and refining facilities for 
platinum-group metals. 


* Silver and Gold Brazing Alloys — Available as sheet, 
wire, powder and fabricated parts. 


* Bondwich — Solder-clad brazing shim for carbide- 
tipped tools. 


* Bronco — Phosphor Bronze-clad copper for high cos : 
ductive springs. 


® Confiex — Copper-clad spring steel for electrical and 
thermal conductive springs at low cost. 


* #720 Manganese Age-Hardening Alloy — Corrosion re- 
sistant spring material for diaphragms, springs, finger 
stock, etc. 


® Rectangular Wave Guide Tubing — Wide ra>ge of sizes 
to government specifications. 


Write for catalog PR700. 
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You can design light weight, longer life, and 
economy into your products by including N-A-x 
HIGH-TENSILE in your plans. 


e It is 50% stronger than mild steel. 
e It is considerably more resistant to corrosion. 
è It has greater paint adhesion with less under- 
coat corrosion. 
It has high fatigue life with great toughness. 
It has greater resistance to abrasion or wear. 
It is readily and easily welded by any process. 
It polishes to a high lustre at minimum cost. 
And with all these physical advantages over mild 


carbon steel—it can be cold formed as readily 
into the most difficult shaped stamping. 


When you next start to redesign, get the facts on 
N-A-X HIGH-TENSILE. It’s produced by Great Lakes 
Steel—long recognized specialists in flat-rolled 
steel products. 


N-A-X Alloy Division 


GREAT, LAKES STEEL CORPORATION, 


NATIONAL STEEL sla CORPORATION 





PRODUCTS 


Stainless Strip 

Hot and Cold Rolled Strip 
Galvanite* Strip 

Cutlery Steel 

Cold Rolled Spring Steel 

Hot and Cold Rolled Alloy Strip | ~ 
Plates 


Cooperage Hoop 

Electrical Sheets 

Deoxidized Sheets 

Galvanite* Sheets 

Galvanized Sheets 

Long Terne Sheets 

Enameling Sheets 

Sheet Bar 

Billets 

Blooms 

Slabs 

Open Hearth Steels \ 
Electric Furnace Steels 1 
Cor - Ten 


N. A. X. ! STAINLESS « 
Copper Bearing Steel | ALLOY — CARBON p" 


*Trode Nome 


For more than 50 years the name 


Sharon has meant a dependable 
source for high quality steels. 


Whatever your requirements— 


stainless, spring, coated, high 


tensile, carbon or special steels 
—you'll find those bearing the 


red diamond of Sharon among 


the finest made anywhere. If 


you are experiencing difficulty 


in getting the quality you want, 


why not add Sharon to your 


supplier list? 


SHARON STEEL CORPORATION 


/ 77) , 
Shaw, гии пис: 


SHARONSTEEL 





To Change the Style 
Change the STEEL 


rara 
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The name SHARONART identifies Rolled-in design 
patterns produced by Sharon Steel Corporation and 
Divisions. 

SHARONART offers texture patterns to the appear- 
ance designer. Usually it has been necessary for 
the manufacturer to combine another material with eee d ر‎ 

steel to obtain such finishes. ч г EI ^ v 
This textured material can be fabricated by any Es. qi G j 
usual steel processing methods. m. E ; , ү 
Complete flexibility of design is available with Uv. 2 DA d بت‎ | 


SHARONART. Any repetitive design you prepare 
can be reproduced on steel. 


Investment in one pattern is relatively small. 
Changes in your product's apperance are simple to 
arrange. 

Technical advice and assistance are available to 


customers wishing to adopt this new material. 
A brochure giving complete information of our sizes, 


pattern designs and numbers, product uses, pictures PM SHARON STEEL CORPORATION 

of designs and products made from SHARONART Sharon, Pennsylvania 

steels and methods of fabrication is available ( see DN ` 

coupon). "376 Please send “SHARONART surface rolled patterns” 


brochure. 
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BaW Welded Stainless 
Tubing 
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«With a Critical Eye 


The designer intent on developing a finer product at lower cost 
cannot afford to ignore the important design advantages inherent in 


B&W Stainless Welded Tubing: 


High strength-to-weight ratio 


High resistance to corrosion and oxidation 


* 
e Material, weight and space savings 
> 
c 


Ability to assume virtually any design shape without loss of 


structural advantages 


Improved product appearance 


Availability of a full range of types, grades, sizes and 
finishes to meet your requirements 


Whatever your specific product requirements, 
B&W's wealth of experience in the manu- 
facture of tubing for every type of applica- 
tion, assures you of Welded Stainless Tubing 
that is, in effect, custom-produced to your 
needs. 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 
General Offices: Beaver Falls, Pennsylvania 
Plants and Products 


For help in choosing the rigbt tubing for any 
specific job call in Mr. Tubes. He's your local 
representative of B&W’s technical staff, re- 
gional sales offices, and a network of friendly 
tubing distributors. Take advantage of the ex- 
tensive tubing knowledge he represents. 


Beaver Falls, Pa.—Seamless T ; Welded ai $teel Tubing 


Alliance, Ohio—W 
Milwaukee, Wis.—Seamless T: 
Steel Tubing; Seamless W 


Welded Stainless 
Fittings 
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SANDy K § 
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el. Fai, Lawn 4-6 — New York 
Warehouses. Fair Lawn, N. J 
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OPPORTUNITY FOR IMPROVEMENT 


DO YOU HAVE 
“A Guide to Specialty 
Steels as Made by 
Carpenter" ? 


It is designed to give 
you a quick summary of 
the products Carpenter 
supplies to industry. 
Because of the high 
standards to which 
these steels are made, 
you may find new ways 
to cut costs, increase 
production or improve 
your own products. 


For your copy, contact 
your Carpenter repre- 
sentative, or drop us à 
line on your company 
letterhead. No obliga- 
tion, of course. 


Ever since Carpenter developed the 
first free-machining stainless, industry 
has applied Carpenter Stainless in 
its search for new opportunities 
for improvement. 

One example is a new freedom from 
corrosion problems ... made possible 
by the development of Carpenter No. 
20, a hot sulphuric acid resisting 
stainless steel. Another is the econom- 
ical, mass-production of severely cold 
headed chrome-nickel parts with 
Carpenter-pioneered Stainless No. 10. 
. Still another is found in industry's 


(arp 


search for more dependable steels to 
meet the demands of high temperature 
applications. In this field of super 
alloys, too, Carpenter is producing 
heat resisting alloys to established 
standards of Carpenter quality. 

And consider this: Carpenter quality 
is safeguarded by one of the largest 
staffs of skilled metallurgists, per 
pound of steel produced, in the indus- 
try. Discover how you can explore 
new horizons of product and produc- 
tion improvements today... by 
moving to Carpenter. 


and Heat Resisting Steels 


THE CARPENTER STEEL CO., 117 W. Bern St., Reading, Pa. 
Export Department: The Carpenter Steel Co., Port Washington, N. Y.—"CARSTEELCO" 
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TITANIUM 


CORROSION PROBLEMS 


SOLVES TOUGH 


HOT NITRIC ACID at pressures of 300 psi took a high toll of stainless-steel 
condenser tubes at a Du Pont plant—until this titanium ‘“‘top-hat’’ was in- 
stalled. Fabricated entirely of titanium, it provides a protective sleeve inside 
the top 3 inches of the condenser tubes. The unretouched photo shows the clean, 
uncorroded appearance of the “‘top-hat’’ after 14 months’ continuous service. 
The titanium tube sheet, tubes and welds have essentially the same appear- 
ance as when installed . . . show evidence of being able to serve indefinitely. 


HIGH-VELOCITY STEAM and biting hydrochloric acid were cutting the 
service life of cast-iron steam diffusers to less than 3 months at a Du Pont 
Pigments plant. Bronze and corrosion-resistant alloys were tried, without im- 
provement. Then a diffuser fabricated from titanium was installed. This proved 
to be the answer. The photo shows the condition of the titanium diffuser after 
2 years’ service—a period ten times the average life of other diffusers. Compare 
the uncorroded appearance of the titanium diffuser with the cast-iron flange, 
which shows severe acid attack. 


A partial list of other environments where TITANIUM offers unmatched corrosion resistance... 


CORROSIVE CHEMICALS 


Ferric Chioride 
Sodium Chloride 


CONDITIONS 
0-30% at 100° C 
All Conc. at 100° C 


POSSIBLE APPLICATIONS 


Process piping 
Kettles, heat exchangers 


Chlorine-Saturated Water 
Wet Chlorine Gas 


Room Temperature 
75°C 


Proportioning equipment 

Recovery equipment, 
electrolytic cells 

Chromic Acid 


10% and boiling Plating equipment 


Sulphuric-Nitric Acid 
Mixture 


40% sulphuric, 60% 
nitric at 35° C 


6%-35° C 


Acid heaters, nitrators, 
auxiliaries 


Calcium Hypochlorite Filter presses, 
processing equipment 
Zinc Chloride 2045-100? C Coils, pans, evaporators 


TITANIUM MAY BE THE ANSWER TO YOUR CORROSION PROBLEM 


If you're looking for a way to improve your product . . . 
or cut production and maintenance costs by extending 
the service life of essential equipment ...it may pay you 
to investigate titanium. As a pioneer supplier of titanium 


siderable fabricating know-how and a wide variety of 
mill shapes are available now to help you use titanium 
to solve your corrosion problems. For more detailed in- 
formation on titanium, just check 


sponge, Du Pont has the experience to offer you expert 
technical help with your evaluation tests . . . can put 
you in touch with manufacturers best equipped to work 
with you on your particular product or application. Con- 


TITANIUM SPONGE 


PIONEERED COMMERCIALLY BY DU PONT 


the coupon below, or write: E. I. 
du Pont de Nemours & Co. (Inc.), 
Pigments Department, Wilming- 
ton 98, Delaware. 


E. I. du Pont de Nemours & Co. (Inc.) 

Pigments Department PEk-10 

Wilmington 98, Delaware 

C] Please send me your new technical bulletin on the corrosion- 
resistant properties of titanium. 


| 
= 


_} Please send me your general booklet on titanium. 
I am interested in using titanium for: 


Name. 
Firm 
Address 


аф у $ PAT. Off Position 


BETTER THINGS FOR BETTER LIVING. .. THROUGH CHEMISTRY 
State 


— — — — — — — — — — — — — — 
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NATIONAL TUBE DIVISION, PITTSBURGH ° 


You'll find it all here... 


The information you need when 
designing for high strength steels 


Oo” new “Design Manual for High Strength 
Steels” is ready for distribution. Here are 174 
pages of practical, authoritative information that 
you will find invaluable in designing your prod- 
uct for greater economy and efficiency by the 
sound use of high strength steels. No designer 
should be without it. 

This excellent book covers in detail the prob- 
lems of tension, compression, shear, beam stress, 
deformation and deflection. It fully describes the 


UNITED STATES STEEL CORPORATION, PITTSBURGH ° 


AMERICAN STEEL & WIRE DIVISION, CLEVELAND + 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. + UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 


fundamental characteristics of low-alloy high 

strength steels, shows you how to design against 

corrosion, describes the application of formed 

sections. Complete with tables, formulas, and 

basic data covering this important field of design. 
* + * 

For your free copy, write on your company 
letterhead giving your title or department, to 
United States Steel Corporation, Room 4835, 525 
William Penn Place, Pittsburgh 30, Pa. 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS HIGH STRENGTH STEELS 


USS MAN-TEN « 


USS COR-TEN * 


USS TRI-TEN 


Product Design Handbook Issue 





BUSINESS IN MOTION 


7 гиљ арале on Aesth Ао... 


Many people think that copper is just copper, and 
brass is brass, whereas there are several types of cop- 
per, and many kinds of copper alloys, all available in 
various. forms, finishes and tempers. Choice of the 
correct metal, temper, shape and fabrication methods 
often makes a tremendous difference. Here are some 
examples. 

e A communications-equipment manufacturer began 
development of a new relay. The original design called 
for a rectangular copper tube of a size that could 
not be made economically. The 

Revere Technical Advisory 

Service and our Methods De- 

partment discussed this problem 

with the customer at consider- 

able length. Design changes 

were made which satisfied every- 

body, and made the relay com- 

mercially practical at no sacrifice 

in performance. 

e A lock maker was generating 

a lot of scrap in machining cyl- 

inder lock sleeves from bar. 

We suggested tube, but analysis 

showed only an even break on cost of material. Fur- 
ther study, however, revealed that tube would bring 
about substantial savings, due to longer tool life, less 
collet wear, less scrap to handle, and a smaller inven- 
tory of metal for the same output. The customer 
switched to tube to obtain these economies. 

e When a maker of electrical lugs. and terminals 
found a pile of 40,000 rejected parts we were asked 
for advice, though the copper strip did not come from 
Revere. The Research Department worked all night, 
and reported embrittlement of the metal caused the 
cracking, and in addition, brazing practices were 
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incorrect. The proper metal and better brazing licked 
the problem. 
e We had the opportunity to study the fabrication 
methods employed by a customer, and found they 
could be improved materially. Changing from silver 
soldering to welding, and working out better jigging 
methods cut fabricating costs by an amazing 90%. 
e When a competitive metal wouldn't work for a 
soap dish maker because it cracked at the bottom 
corners, Revere was called in. The Technical Advic 
sory Service studied the dish, 
which is of the wall-recess type, 
and also the drawing process. 
Revere’s 70-30 brass was recom- 
mended in a specified temper, 
This cured the difficulty at once. 
e Once in a while it is not the 
metal at all that causes diffi- 
culty. A large manufacturer of 
flashlight cases was troubled 
with staining of the brass. The 
Technical Advisory Service and 
the Methods Department could 
find nothing wrong with our 
metal, so asked the oil company engineers to collabo- 
rate. They changed the die lubricant, thus solving the 
problem. 

One of the important facts about American busi- 
ness is that it is competitive, and an important part 
of competition is the endeavor to give a little extra 
service. Often it turns out to mean a lot, as in the cases 
just cited. Please remember that your suppliers, no 
matter who they may be, are eager to give you the 
benefit of their special knowledge. Call on them for 
it and let them supply you with much more than 
materials. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue, New York 17, N.Y, 
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WHITLEY COLLINS 


“Over 80% of Northrop 
personnel buy 
U.S. Savings Bonds 


“Our recent Payroll Savings Campaign at Northrop 
demonstrated the belief of our personnel and our com- 
pany in the basic fundamentals of American good citi- 
zenship—staunch support of our Country and personal 
thrift. 

“At the completion of the campaign we had over 
17,000 regular savers—over 80% of all Northrop per- 
sonnel buying U. S. Savings Bonds regularly on the 


Portrait by Fabian Bachrach 


Payroll Savings Plan. Every employer should me a 
similar campaign for the benefit of his personnel and 
the economic welfare of our Country.” 


WHITLEY COLLINS, President 
Northrop Aircraft Company 


If less than 60% of your personnel are Payroll Savers, do 
something about it. A phone call, telegram or letter to 
Savings Bonds Division, U.S. Treasury Department, 
Washington, D. C., will bring prompt assistance from 
your State Director. He will help you install, or revital- 
ize a Payroll Savings Plan, through a simple, person-to- 
person canvass which your personnel will be glad to 
conduct. That’s all you have to do—your men and 
women will do the rest. 


The United States Government does not pay for this advertising. The Treasury Department 
thanks, for their patriotic donation, the Advertising Council and 
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They search so that you may find 


The technician above, in the last-word Research Laboratory 
recently built near our Brackenridge, Pa., plant, is running an 
involved analytical test on apparatus of our own devising 
developed because we wanted more accurate answers on special 
alloy steel problems than we could get in any other way. In all 
of the A-L plant laboratories, the hunt for alloy steels of improved 
properties and greater value is always at full speed, so that you 
can have the materials you need to cut your costs or improve 
the competitive position of your products. © Whenever you're 
WRITE TODAY trying to take a step ahead in resisting corrosion, heat, wear or 
For These Publications great stress, or in securing special electrical characteristics, call 
— on us. Allegheny Ludlum Steel Corporation, Oliver Building, 
1. SPECIAL STEELS FOR INDUSTRY Pittsburgh 22, Pa. 
. . . 16 pages of essential data on the proper 


selection and application of principal AL 
—— alloy products: stainless, tool and 


electrical steels and sintered carbides. PION EERING on the Horizons of Steel 


2. PUBLICATION LIST . . . a complete 


listing of all AL publications, both technical 
and non-technical (over 100 in all), with a 
handy order form for your convenience. e en U m LEADING pronuctt 
ADDRESS DEPT. PE-701 HIGH-ALLOY STEELS 

wao 51431C 

Stocks of Allegheny Stainless carried by all Ryerson Stee! warehouses 
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(ФУ Washington Steel News 


PUBLISHED BY WASHINGTON STEEL CORPORATION, WASHINGTON, PA. 


Stainless Steel Buyers: 


SAVINGS OF 5155 PER TON NOW POSSIBLE 
WITH WccroKold STAINLESS STEEL 


* 


TYPICAL INSTALLATION OF MICROROLD TYPE 430—This Kitchen and Bakery Building of the South 
Carolina State Hospital, Columbia, S.C., is the largest institutional combined kitchen and bakery in 


the southeast. 
hoods. 
Delay & Co. of Columbia, S. C. 


18 gauge Type 430 stainless steel is used extensively in 17 exhaust and equipment 
They are designed for strength, appearance, and sanitation and were fabricated by Earl 


i Type 430 Good leswence Ageinst 


Type 430 Satisfactory For 
Mild Corrosion Applications 


This straight chromium-stainless | 


grade possesses desirable properties 
that recommend it for a diversity of ap- 
plications under general atmospheric 
conditions. It is non-hardenable by heat 
treatment and is only mildly hardenable 


by cold working. It has moderate ductil- | 


ity, good forming and bending charac- 


teristics and can be drawn to a mod- 


erate degree. 

Brazing and soldering are easily ac- 
complished, and except where resistance 
to high stresses is a major factor, it 
welds satisfactorily by the usual meth- 
ods. Before fabricating MicroRold Type 
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Shortage Of Nickel Types 


Any restriction or curtailment of 
nickel-bearing stainless (as during the 
Korean Engagement) could have serious 
effect upon stainless steel fabricators. 
By making use of Type 430 wherever 
feasible, stainless fabricators can insure 
themselves against any unforeseen de- 
velopments in the supply of stainless 
steel. 


430, it is advisable to consult our mill or 
distributor to make certain that it may 
be used successfully in your particular 
application, 


| all stainless types. 
| equipment and methods produce 
| trolled accuracy of gauge throughout 
| length and width of the entire sheet; 


| low as 3% 
number. 


| range, 


T34¢ Per Lb. Price Differential 
Between Types 430 and 302 


Results in This Substantial Savings 


By specifying MicroRold Type 430 
stainless steel for suitable applications, 
stainless steel buyers can take advantage 
of the 7%c per pound difference in base 
price between Type 430 and Type 302 
stainless. A saving of $155 per ton merits 
consideration. Type 430 is a straight 
chromium-stainless with a nominal com- 
position of 17% Chromium, During the 
Korean conflict, Type 430 was used ex- 
tensively, due to government restriction 
on nickel-bearing stainless. 

WIDE USE FOR TYPE 430 

While Type 430 does not possess the 
same degree of corrosion resistance as 
Type 302, it has proven very satisfactory 
in a wide range of mild corrosion appli- 
cations, both interior and exterior. It 
lends itself to a multitude of decorative 
and functional uses, combining all the 
advantages and qualities of stainless 
steel — beauty, strength, corrosion re- 
sistance, long life, workability and ease 
of maintenance. Considering the price 
advantage, with no sacrifice in quality 
when applied properly, stainless steel 
buyers will find MicroRold Type 430 a 
worthwhile material for an impressive 
number of stainless steel applications, 


| EXTRA SAVINGS 


Washington Steel Corporation not 
only points out the savings and advan- 
tages that may be acquired through the 
selection of Type 430, but also the sig- 
nificant economies in its production of 
Special production 
con- 


thus, MicroRold may be specified by 
decimal thickness (with tolerances as 
average) instead of gauge 
By specifying MicroRold sheet 
rolled to the light side of the gauge 
purchase costs are reduced by 
the savings in weight. While this saving 
may not be apparent in every single 
sheet, weights will average less than the 


| theoretical when bought over a period 


of time. Your steel distributor can give 
you full information on how you can 
get the most out of your stainless steel 
dollar. He will gladly tell you the 
MICROROLD STORY. 
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MUELLER BRASS CO. 


FORGINGS 


ARE MADE TO LAST! 


QUALITY PARTS AND PRODUCTS 
FORGED AND MACHINED OF BRASS, 


BRONZE AND ALUMINUM 
OR MAGNESIUM 


IMPELLER DISPOSER WINDOW HARDWARE BURNER HEAD 


One of four Mueller Forged of natural Forged of aluminum 
Brass Co. parts in mod- bronze. Can be furn- for installation in gas 
ern waste disposal unit. ished in aluminum or stove. Lightweight yet 


Completely dependable chrome finish as desired. strong. IN AVIATIOM 
in daily operation. Retains original beauty 
indefinitely. 


IN INDUSTRY 


INSTRUMENT 
HOUSING 


These aluminum forgings provide the same Specially designed 
strength as steel yet weigh only 1/3 as much. forged housing for 
Smooth bright surfaces save machining time sealing diaphragm in 
ond eliminate costly finishing. aviation pressure 
warning unit. 


All Mueller Brass Co. forgings, of which just a few are shown 
here, have a dense, close-grained structure with a high 
tensile strength. Weight savings up to 40% are possible in 
the design of parts because of the close tolerances to 
which they can be produced. Less scrap and longer tool 
life result from the easy machinability of forged parts. 
Mueller Brass Co. is completely equipped to design parts 
CONNECTING ROD ACTUATING GEAR AUTOMOTIVE GEAR for your products, specify alloys (including special 


Forged from "600" Forged from special Forged of “600” series alloys developed by our metallurgists), forge, machine, 
series metal. Over two Mueller Brass Co. alloy. metal for use in auto- finish and plate the parts and perform all neces- 
million connecting rods Must take constant motive automatic 
produced without re- pounding. transmission. Re- 
corded failure. placed part that was illustrated 32-page forgings catalog and com- 
gwag eaten Woe: plete information about MBCo forged parts 


ble; solved T 
— T for your products, 


sary assembly operations. Write today for our free 


140 


MUELLER BRASS CO. port HURON 40, MICHIGAN 
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ENGINEERED 


for your unusual 
requirements 


PRODUCED 


to your rigid 
specifications 


Somers 4-high mill equipped wit: 
latest electronic gages and controls 
constantly checks thickness through- 
out run. The slightest variation is 
instantly corrected. 


Complete modern laboratory 
includes facilities for chemical, 
electrical, and performance testing 
of all Somers Thinstrip, both in 
process and before shipping. 


Sendzimir mill provides high produc- 
tion of thinnest gage strip. Auto- 
matic gaging of entire run assures 
uniform accuracy throughout. 


Nickel, Monel and Nickel Alloys from .020" to .00075". 
Brass, Bronze, Copper and Alloys from .010" to .00075". 
Thickness and width tolerances held to +5% where required. 


Over 40 years’ experience with special alloys to meet a wide 
range of physical properties, including tensile strength and 
fatigue resistance. 


UNIGRAIN thin strip brass is a typical example of Somers 
advanced methods and equipment. Special continuous anneal- 
ing furnace produces a deep drawing brass with a fine grain 
finish that cuts buffing time in half. 


Write for Confidential Data Blank or send samples for 
thorough survey by our engineers at no cost or obligation 
to you. 


FOR EXACTING STANDARDS ONLY 


OMETS Brass Company, Inc. 


93 BALDWIN AVE., WATERBURY, CONN. 








Catalogs 


and 


Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(N-1) LEADED STEEL—Bulletin 14-6, 
4 pp, describes 0.50 carbon alloy. Jo- 
seph T. Ryerson & Son, Inc. Box 
8000-A, Chicago 80, Ill. 


(N-2) ALUMINUM EXTRUSIONS— 
Brochure, 4 pp, contains information 
on heavy extrusion presses and aux- 
iliary equipment now being installed 
and gives minimum thicknesses for 
various alloys and circle sizes and 
stretch-straightening cross-section lim- 
its. Harvey Aluminum, 19200 S. 
Western Ave., Torrance, Calif. 


(N-3) HIGH TEMPERATURE STAIN- 
LESS—Data sheet, 4 pp, gives per- 
formance data on alloy A-286. Corro- 
sion resistance and oxidation resist- 
ance data are included, along with 
application information, physical and 
mechanical properties, and heat treat- 
ing information. Allegheny Ludlum 
Steel Corp., 2020 Oliver Building, 
Pittsburgh 22, Pa. 


(N-4) ALUMINUM  EXTRUSIONS— 
Catalog, 8 pp, describes cross-sectional 
designs, dimensions and other details. 
Valley Metal Products Co., Plainwell, 
Mich. 


(N-5) COLD FINISHED STEEL—Dic- 
tionary of terms, 32 pp, is for men 
who buy or use cold-finished steel bars. 
Included are more than 180 relatively 
detailed definitions frequently used in 
the purchase, manufacture, treating, 
machining and finishing of steel. La 
Salle Steel Co., Chicago 80, Ill. 


(N-6) METAL WIRE AND RIBBON— 
Booklet, 12 pp, describes facilities for 
manufacture of fine wire and ribbon, 
wire and ribbon parts and small parts 
plating. Sylvania Electric Products 
Inc, 1100 Main St, Buffalo 9, N. Y. 
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Here’s what you want in stainless steel 
—the way you want it 


Stainless Steel Plate... produced to almost any 
size or thickness, *&" and heavier, in rectangles or 
cut-to-shape. Carlson maintains what is probab!v the 
largest stock of stainless plate in the country— pro- 
duced to highest chemical and metallurgical standards 
— ready for cutting to your requirements, and for ship- 
ment when you want it. 


Stainless Steel Heads... spun or press formed to 
your order or taken directly from our stock of ASME 
and Standard flanged and dished heads—the largest 
stock maintained anywhere. In addition to supplying 
heads for tanks, heat exchangers, condensers and 
similar equipment, Carlson can fill a complete bill 


write for CARLSON'S WEEKLY STOCK LISTS... 
YOUR GUIDE TO WHAT'S AVAILABLE 
IN QUALITY STAINLESS STEEL 


of material including shell plates, flanges, rings, pads 
and other components. 


Stainless Steel Forgings, Circles, Rings, and Special 
Patterns .. . Flanges, circles, rings, and sketch plates 
are cut from plate, or forged and rough machined to 
meet your specifications. 

Stainless Steel Bars and Sheets (No. ! Finish) 


Complete Service ... At Carlson the emphasis is on 
flexibility, efficiency and economy in producing what 
you want, when you want it. If you would like addi- 
tional information about our service and products or, 
if you want £o place an order—just let us know, we 
promise you prompt action! 


Stainless Steels Exclusively 


2 0, 
(CARLSON. mc 


THORNDALE, PENNSYLVANIA 


Plates * Plate Products • Forgings * Bars * Sheets (No. 1 Finish) 
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1 


| Perforated-Metal Sections supplied by | 


| radios, juke boxes, television sets, auto- 


| in Rigidized Perforated Metal. 


| Screens, for industrial processing, steril- 
| izers, etc.; Panels, for space i 


| Cylinders, for 
‘other centrifugal dryers; 





alAMOND 


PERFORATED 


METAL? 


FOLLOW THE TREND | 


toward development of more attractive | 


products through the greater use of || 


Diamond Ornamental Perforated Metals. | 


Diamond to other manufacturers include | 
Grilles and Louvers, for air conditioners, 


mobile instruments, etc. Furnished also 


eaters, 
etc.; Oil-Burmer Chimneys; Perforated 
washing-machine and | 
Accoustical | 





| Sheet; Sound Baffles; Welded and Fab- | 
|ricated Assemblies of all kinds. | 


Tooled for a great variety of perfora- 
tions in any commercial metal, of any | 
suitable thickness. Geared to meet the 
production schedules of America's lead- 
ing industrial concerns—that's Diamond. 


| I 


||. 


Want to know more about us and what | | 


we might do for you? Write for Cat. 39. 


[DIAMOND MANUFACTURING C0. 


Арыы PENNA. 


| 


| 
| 


Catalogs and Bulletins continued 


(N-7) BRASS PRODUCTS— Booklet, 20 
pp. contains weight tables, specifica- 
tions and other technical data on free- 
cutting brass, commercial bronze, 
forging rods and shapes, brass wire 
and boat shafting. Titan Metal Mfg. 
Co., Bellefonte, Pa. 


(N-8) ALUMINUM EXTRUSIONS— 
Catalog, 60 pp, covers standard shapes, 
such as angles, tees, channels, rod and 
bar, tube, molding. It lists sizes, di- 
mensions, weights. Harvey Aluminum, 
19200 S. Western Ave., Torrance, 
Calif. 


(N-9) SHAPED WirE—Booklet DH 
1226, 16 pp, describes profiles avail- 
able in cross-sectional areas up to and 
including 1⁄4 sq. in., and in flats and 
rectangles in widths up to 2$-in., the 
ratio of width to thickness not ex- 
ceeding 6:1. These wires are produced 
in low carbon steels, low alloy steels, 
high carbon steels, stainless steels and 
Armco ingot iron, in range of com- 
mercial finishes. American Chain & 
Cable Co, Inc, 929 Connecticut 
Ave., Bridgeport 2, Conn. 


(N-10) DUCTILE IRON — Bulletin 
DI-25, 30 pp, is illustrated with more 
than 40 photos. Includes case histories, 
specification tables for the seven main 
types of ductile irons and charts com- 
paring mechanical properties. Inter- 
national Nickel Co., Inc., 67 Wall St., 
New York 5, N. Y. 


(N-11) WROUGHT IRON PIPE—Cata- 
log, 52 pp, has more than 25 separate 
tables listing size and dimensional 
data of wrought iron pipe and tubular 
products. Data is also provided about 
wire and sheet metal gages, flow of 
water in gallons per minute and useful 
conversion factors. A. M. Byers Co., 
Pittsburgh, Pa. 


(N-12) NICKEL COPPER STEELS— 
Booklet, 48 pp, describes working 
methods, mechanical properties, com- 
positions and availability of seven 
steels. International Nickel Co., Inc., 
67 Wall St, New York 5, N. Y. 


(N-13) PHOSPHOR-BRONZE STRIP— 
Data sheet 101, 4 pp, describes thin- 
gage, high-precision tolerance strips, 
including physical characteristics, tem- 
per, mill limits, available thickness 
tolerances and applications. American 
Silver Co, Inc, 36-07 Prince St, 
Flushing 54, N. Y. 
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ASARCON CONTINUOUS-CAST BRONZES 
REDUCE COSTS, IMPROVE PRODUCTS 


When you specify Asarcon Continuous-Cast Bronzes you specify 
lower manufacturing costs and improved operation for your products. 
Here's why: 


Asarcon Continuous-Cast Bronzes are available in any length you 
need. You are not bound by the 12-inch or 13-inch standard lengths 
available in other types of castings. You can buy Asarcon Bronzes in 
exact multiples of your part length plus saw cut, leaving a minimum 
of scrap short ends. You pay only for the metal you use, not for scrap. 


Asarco's patented continuous-cast process produces bronzes of ex- 
ceptional uniformity. Impurities are excluded; alloys are free from 
porosity; hard and soft spots are eliminated. As a result, rejects are 
negligible. Fatigue characteristics are raised 33% to 100% and im- 
pact strength increased from 15% to more than double that of the 
same alloys produced by other casting methods. Parts made from 
Continuous-Cast Bronzes have longer life. 


In the patented Asarco process, molten copper alloys are cast into 
rods, tubes and shapes in diameters from ‘2-inch to 9 inches in any 
size you need. The famous "Asarcon 773" Bearing Bronze (SAE 660) 
is in distributors’ stocks throughout the country, ready for immediate 
delivery to your plant. Call the distributor nearest you, or write 
directly to the Continuous-Cast Products department of American 
Smelting and Refining Company. 


AMERICAN SMELTING AND 
REFINING COMPANY 


Perth Amboy Plant, Barber, New Jersey + Whiting, Indiana 
WEST COAST SALES AGENT: 
Kingwell Bros. Ltd., 457 Minna Street, San Francisco 


IN. CANADA: 
Federated Metals Canada, Ltd., Toronto and Montreal 


см 


CONTINUOUS-CAST 


% gp 
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Perforated 
ш ТОТЕП 


ї 


MATERIALS 


All of the metals — steel, copper, brass, alumi- 
num, monel, zinc and stainless steel, can be 
perforated in sheets, plates or coils. 
Wood Products — hard boards and plywood. 
Plastics — and plastic coated fabrics in sheets 
or rolls. 

PERFORATIONS 
Round holes from 1/50" diameter up through 
9" diameter. 
Slotted patterns from .006 wide, upward. 
Squares, triangles, ornamental and special 
shapes in a wide range of patterns, spacings 
and arrangements. 


FABRICATING 
Shearing, rolling, welding, embossing and other 
fabrication when required. 


ШАХ. * AN 
be perforated . .. H & K can perforate it! 


FACILITIES 


The largest shop in the country devoted exclu- 
sively to perforating — with 70 years of experi- 
ence and specialized equipment designed to 
handle small or large orders—with emphasis on 
quality workmanship at lowest possible prices. 


The , E 
Harri ngton « 
PERFORATING 
5618 Fillmore Street, Chicago 44, Illinois 
114 Liberty Street, New York 6, N. Y. 


Catalog No. 62 
fully illustrates and 
describes H & K 
Perforations — write 
for your copy. 


«< < 
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Catalogs and Bulletins continued 
(N-14) METAL HosE—Catalog 100, 
8 pp, describes hose made of stainless, 
bronze, Monel, nickel, steel. Cobra 
Metal Hose Div., DK Mfg. Co., 4640 
W. 54th St., Chicago 32, Ill. 


(N-15) TUBING FOR ELEVATED TEM- 


Tie Finest of Lawimated Materials... 


PERATURE AND PRESSURE—Data Card 


We are providing manufacturers with a complete line of precious 
metals laminated to non-precious base metals made to their exact speci- 
fications within the following limitations: 

SHEET STOCK: Maximum width—5” 
Minimum width—'4 ". 
Thickness—down to .003" 
TUBING: Maximum diameter 1" x ,050" wall 
WIRE: All sies down to .0045" diameter also 
squares, rectangular and odd shapes. 

In addition to laminated materials we also furnish alloyed gold and 
silver in sheet, wire or tubing form. 

The many varied applications of our materials cannot be listed here, 

but you are cordially invited to inquire for infor- 
mation regarding your requirements. 


The Home of IMPROVED Service 
Rhode Island's largest manufacturer 
of Laminated Metals 


~The IMPROVED SEAMLESS WIRE COMPANY 


ATED 1898 


775 Eddy Street, Providence 5, Rhode Island 


— — 


177 shows chemical analyses of stand- 
| ard carbon, alloy and stainless tubing 
| steels. It is cross-indexed to associate 
| grade and ASTM specifications for the 
| individual tubing steels involved. Bab- 

cock & Wilcox Co., Beaver Falls, Pa. 


(N-16) PERFORATED METALS—Cata- 
| log, 114 pp, contains actual size illus- 
| trations of perforated metal samples. 
| In addition, buying information, end 
| uses of perforated metal, manufactur- 

ing processes are provided. Standard 

Stamping & Perforating Co., 3131 W. 
| 49th PL, Chicago 32, Ill. 


(N-17) HIGH ALLOY CASTINGS— 
Bulletin 3354-G, 16 pp, gives engi- 
neering data concerning castings used 
for resisting high temperatures, corro- 

| sion and abrasion. Duraloy Co., Scott- 
dale, Pa. 
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How to use 


New USS “1-1” Steel 


to reduce welding costs 


New USS “T-1” Steel is three times 
as strong as ordinary mild steel . . . 
has a yield strength of 90,000 psi. 

Yet, despite its very high strength, 
this new alloy steel is easy to weld. 
It requires neither pre- nor post- 
heating when you weld or flame cut 
it. You can use its unique combina- 
tion of properties to reduce fabricat- 
ing costs and speed assembly in pres- 
sure vessels, construction machinery, 
mining equipment, bridges, towers, 
and pipe. 


USE "T-1" TO REDUCE THICKNESS. You can 
take advantage of the exceptionally 
high yield strength of '"T-1" Steel 
to reduce the size and weight of 
heavily stressed parts. Weldments on 


UNITED STATES STEEL CORPORATION, PITTSBURGH + 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. • 


" 
CONSTRUCTIONAL ALLOY STEEL 


Q3 
USS 


N 


9, О 


thinner sections take less time . . . 
and less welding rod. 


FABRICATE “T-1“ IN THE FIELD. You can 
weld “T-1” Steel anywhere. Since no 
pre- or post-heating is needed, you 
don’t have to confine fabrication to 
locations where heat treating facili- 
ties are available. You can assemble 
heavy-duty equipment in the field, 
and you can repair it in the field—at 
great savings. 


WHAT ABOUT JOINT EFFICIENCY? Weld- 
ments in ““T-1” Steel develop the full 
yield strength of the steel — 90,000 
psi.—when made with AWS E12015 
low hydrogen coated electrodes with- 
out pre- or post-heating. As a result, 
weight reducing designs based on the 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 





greater strength of '"T-1" Steel are 
completely safe and reliable. 

Send the coupon for complete facts 
about this amazing new alloy steel. 


United States Steel, Room 4256 
525 William Penn Place, Pittsburgh 30, Pa. 


C] Please send me your booklet “United States 
Steel presents T-1” which contains the full 
story of "T-1^ steel. 


[]Have your representative get in touch 
with me. 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
UNITED STATES STEEL SURPLY DIVISION, WAREHOUSE DISTRIBUTORS 





SEE THE UNITED STATES STEEL HOUR. It's a full-hour TV program presented every other 
week by United States Steel. Consult your local newspaper for time and station. 











$437 A1 E 3 


ДЕ в с: 








How much 


does the best 
BEARING 
METAL 


cost? 


y 


BEARIUM METAL, once 

it is put to work, actu- 

ally costs less than or- 

dinary bearing materials. The savings it effects in main- 
tenance costs alone (preventing costly equipment break- 
downs) more than offset the slight initial price differ 
ential. Proof can be found in hundreds of varied applica- 
tions as testified in letters received from many satisfied 
users. Here are excerpts from two such ietters— 


The secre! of BEARIUM 
METAL'S superiority is 
due to the uniform dis- 
tribution of microscopic 
lead particles within the 
copper-tin grains rather 
than between the grain 
boundaries—2os illus- 
trated by these two 
photomicrographs 


Bearivm Metal Ordinary leaded bronze 


FEATURES: Non-Seizing and Non-Scor- 
ing * Long-Wearing * Self-Lubricating 


BEARIUM e low Coefficient of Friction ¢ High 


ompressive Strength ® Resistant to 


METAL Shock Loads ® Sound, uniform structure 


* Free-Cutting. 


AVAILABLE IN: cored ond solid bors * cen- 
terless-ground rods © machined parts © 
pattern castings 


Wherever there is a bearing application involving high 
speeds, poor lubrication, heat-generating loads, elevated 
temperatures, dusty and gritty surroundings—or where 
a liquid other than oil is used as a lubricant—there you 
will find the ideal application for BEARIUM METAL. 

Yes, BEARIUM METAL does out-perform all other 
types of bearing materials . . . on all counts! Try it on 
one of your toughest applications and prove it to your 
own satisfaction! 


We are at your service—WRITE TODAY! 


BEARIUM METALS CORP. 


264 State St., Rochester 14, N. Y 


manently. 


NOW! 


CONVERT TO 


ALUMINUM 
MAGNESIUM 


Whether you need a 
delicate "brain" in the nose 


of a guided missile . . . 


Or a sturdy protective casting 
for a radar screen box... 


Or a V4 ton pump housing... 


Or any really tough one . . . it will pay you 
to convert to aluminum or magnesium! As 
General Magnesium Foundries has helped 
many companies, so can we help you. For 


further details, write today. 


GENERAL 


FOUNDRIES 


BELLEVILLE e ILLINOIS 


ME 


Has Hundreds 


of Structural Uses 
in Modern Plants 
Po Mame 
Met-L- Wood stock Panels and 


, refabricated unit$ are a chal. 


„ Walle and Partitions i deeper qnl en- 
c r hei S because 
з Counters and Shelves i ltiple possibilities 
@ Traffic Panels 
@ Truck Bodies (Patented ; В of 
"Ribless'' Construction) hinki : start toward 
€ Truck Body Panels Wood کن‎ ee-L- 
e E Ray Rooms Í Я Bolen - is 
oisture- Vapor-Proof cribed below M n des- 
Rooms and Containers Engineering Ser et-L- Wood 


@ Decorative Finishes able without rvice is avail. 
specific probleme lisation on 


FOR THIS BULLETIN‏ ت 
MET-L-WOOD USES‏ 
AND ADVANTAGES >‏ 
Quick facts, with‏ 
i!ustrations and‏ 
diagrams on MecL- `‏ 
Vood applica- е‏ 
tions, types, possi‏ 


Met-L-Wood is metal bilities. Sent withouc 


to plywood — per- obligation on request 
Many metals, 
,thicknesses,shapes. 


finishes are available to 
meet YOUR requirements. 


MET-L-WOOD CORPORATION 


6755 West 65th Street * Chicago 38, Illinois 
"Met-L-Wood...openiug new horizons to structural designers” 
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USE TIME-SAVING COUPONS BELOW 


... to request further information оп 


all products advertised in this Handbook Section 


. .. fo request your copies of product catalogues 


and bulletins listed and described in this section 


(You will find similar coupons at the end of each Handbook Section ) 


CONSULT THE PRODUCT INDEX 


beginning on Page 12, when you 
want all available information on 
a particular type of product: this 


Product Index is your guide to all 
advertisements in this Handbook 
issue by manufacturers of this 


type of product. 


CIRCLE THESE NUMBERS FOR FURTHER INFORMA- 
TION ABOUT ADVERTISERS APPEARING IN THIS 
SECTION 


B38-9 
B47 
B56 
BL62 


B34-5 
B43 
B53 
BT60 


B37 
B46 
B55 


B61 


B36 
B44-5 
B54 
BL60 


B32 
B41 


B33 
B42 
B51 
B59 


B30-1 
B40 
B48 B49 


B57 BLS8 
BTR62 BBR62 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION 


N6 
N13 


N7 
N14 


Nl N2 N3 N4 NS 


N8 N9 


For specific information about products: 


— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to Product Engineer- 
ing's Product Design Handbook issue for 1956, and 
page number of advertisement prompting your 


letter. 


CIRCLE THESE NUMBERS FOR FURTHER INFORMA- 
TION ABOUT ADVERTISERS APPEARING IN THIS 
SECTION 


B34-5 
B43 


B53 
BT60 


B33 
B42 
B51 
B59 


B36 
B44-5 
B54 
BL60 


B37 
B46 
B55 
B61 


B38-9 
B47 
B56 
BL62 


B30-1 
B40 
B48 B49 
B57 В158 
BTR62 BBR62 


B32 
B41 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION 


N7 
N14 


Nl N2 
N8 N9 


N3 N4 N5 N6 


N17 


For specific information about products: 





NEW BOOKS 
Non-Metallic Materials and Finishes 


Surface Coatings and Finishes by 
Pbilip L. Gordon, American Water- 
proofing Corp. and George J. 
Dolgin, Triad Paint and Chemical 
Corp. 6 x 814 in., 299 pp. Published 
by the Chemical Publishing Co., 
Inc., 212 Fifth Ave., New York, 
№; Y. 99. 


Reviews the standard methods of 
preparing and using the orthodox var- 
nish vehicles and describes the struc- 
ture, use and practical value of the 
plastic materials now available for sur- 
face coatings. Numerous tables, graphs 
and illustrations are used to show the 
apparatus and techniques required to 
meet physical and performance re- 
quirements of surface coatings and 
finishes for various assemblies. 


Fiberglas Reinforced Plastics by 
Ralph H. Sonneborn. Technical 
Service Department, Plastics Rein- 
forcement Division, Owens-Corning 
Fiberglas Corporation and others. 
515 х 815 in., 240 pp. Published by 
Reinhold Publishing Corporation, 
New York, N. Y. $4.50. 


A complete description of the man- 
ufacturing processes for Fiberglas rein- 
forced plastics with an analysis of each 
is included as well as a similar treat- 
ment for such secondary operations as 
machining, fastening and painting. A 
chapter on inspection and testing is 
included. 

Considerable coverage is given to 
designs and applications, and the au- 
thor has included two important chap- 
ters on design by contributing authors 
to supplement his own work. Design 
theory of reinforced plastics by Albert 
G. H. Dietz, head of the Department 
of Structural Materials at MIT, in- 
cludes such items as the theory of 
combined action as it applies to Fiber- 
glas reinforced plastics and an analysis 
of the mechanics of materials as it 
applies to plain reinforced plates, com- 
posite plates, bending of beams and 
plates, plate and rib construction and 
sandwich constructions. Alton S. Hey- 
ser, staff engineer, Reed Research, Inc., 


Bo4 


Washington, D. C, contributes the 
final chapter on structural design. 

A glossary of terms as applied to re- 
inforced plastics and a selected bibli- 
ography will serve to make the book 
interesting for design engineers and 
executives in the materials industry. 
The book contains many illustrations 
of the material and process, and pic- 
tures of a number of applications. 


Plastics Engineering Handbook. 
Society of the Plastics Industry, 
Inc. 6 x 9 in., 852 pp. Published by 
Reinbold Publishing Corp., 430 
Park Ave., New York 22, N. Y. 
$15. 


The Handbook is divided into five 
major sections. Section I deals with 
materials and processes and includes 
the classification of all the rigid mold- 
ing materials along with a comprehen- 
sive coverage of the molding process 
as it applies to plastics. Space is also 
given to fabricating processes such as 
extrusion, forming, drawing and post- 
forming, along with a description of 
the equipment required. A new sub- 
division entitled Tooling With Plas- 
tics describes this new use. Embed- 
ding, vinyl dispersions and laminated 
products conclude this section. 

Section II is devoted to design stand- 
ards for inserts, mold design and rec- 
ommended steels for plastic molds. 

Section III covers finishing and as- 
sembly and takes into consideration 
those secondary operations such as ma- 
chining, finishing and decorating along 
with cementing and welding. 

Section IV describes the various 
testing operations for plastics articles. 
It includes destructive testing as well 
as non-destructive testing. 

Section V deals with the Society of 
the Plastics Industry Standards. 

One of the important innovations 
included in this Second Edition is the 
special fold out adhesives chart, found 
in the chapter on cementing and as- 
sembly. This chart, is a complete 
tabulation of the types and character- 
istics of adhesives used to join plastics 
to each other or to other materials. 


Aluminum Paint and Powder by 
Junius David Edwards, Tech. Asso- 
ciate, and Robert I. Wray, Chief, 
Paints and Finishes Div., Alumi- 
num Co. of America, 6 x 9 in., 219 
pp. Published by Reinbold Publish- 
ing Corp. 430 Park Ave, New 
York, N. Y. $4.50. 


Describes the manufacture of alu- 
minum powder and the properties 
and testing of the powder and paste. 

The composition of aluminum 
paints in a number of vehicles is dis- 
cussed. Most of the book is given to 
the uses of aluminum paints and cites 
specific applications. A significant 
chapter describes the special properties 
and uses of aluminum paint and in- 
cludes data on reflectance. 

Color, brilliance, leafing, density, 
grading and the handling of aluminum 
powder are discussed in full chapters. 
Of special interest is the section on the 
uses of aluminum powder in the arts. 
Here are explored the applications of 
aluminum in printing inks, metallized 
paper, coated textiles, powder metal- 
lurgy, plastics, rubber and others. 


Protective Coatings for Metals by 
R. M. Burns, formerly Director of 
Chemical and Metallurgical Re- 
search, Bell Telephone Laboratories, 
Inc., and W. W. Bradley, Technical 
Staff, Bell Telephone Laboratories, 
Inc. 6 x 914 in., 643 pp. Published 
by Reinhold Publishing Corp., 430 
Park Ave., New York 22, N. Y. 
$12. 


Includes sections on the evaluation 
of organic coatings, corrosion inhibi- 
tors, chemical conversion coatings and 
sprayed metal coatings. Such trouble- 
some phenomena as “silver migration” 
and “metallic whiskers” are explained 
as well as the latest practices in metal 
cleaning, coating and testing. 

The volume has been designed pri- 
marily for those who have problems 
of protection. It is not intended to be 
a manual for the production of pro- 
tective coatings although information 
on this phase is included in the book. 
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Non-Metallic 


Materials and 


Finishes 


Hard Chromium Plated Parts by Warren Schmidt and William E. Hogan 
Ceramics for Mechanical Applications by Robert F. Rea 

High Temperature Coatings for Metals by A. H. Sully 

The Future of Vacuum Coatings by J. G. Seiter 

Properties of Laminated Thermosetting Plastic Sheet 

Glass Polyester Premix Plastics by R. B. White 

Designing with Plastics 

Plastics for Mechanical Components 


Specially Treated Felts 


General 
Engineering 


Metals and 
Alloys 


Non-Metallic 
Materials and 
Finishes 


Fabrication 
and Production 
Processes 


Power 
Transmission 


Mechanical 
Parts and Design 
Analysis 


Fastening 
and Joining 


Motors, Engines 
and Controls 


Electrical 
and Electronic 
Components 


Hydraulic 
and Pneumatic 
Equipment 





Fig. 1 Left—Comparativ 
hardness of various metal 
using diamond equal to 1 
on the Mohs’ scale. 








Silver 


Fig. 2 Center—Steel quil 
used in a milling machine 
A chromium plate of 0.00 
in. thick is applied an 
then finished ground to 
thickness of 0.004 in. 
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Comporotive degrees of hardness 


Fig. 3 Right—Plated part 
of a jig borer. Includ 
several grades of stee 
iron, aluminum and brass 
Similarly many  aircra 
parts are chromium plate 
aluminum or magnesiu 
to increase wear resistance 
but not the weight. 





Chromium 


Diomond 


From: MECHANICAL ENGINEERING 


Hard Chromium Plated Parts 


WARREN SCHMIDT 


President 


WILLIAM E. HOGAN 
Sales Engineer 


City Plating Works, Inc. 


ONE APPROACH in the selection of a 
process that will maintain the dimen- 
sional accuracy, extend the life, and 
reduce the cost of many metal prod- 
ucts is the use of hard chromium plat- 
ing. Among its outstanding character- 
istics are hardness and resistance to 
abrasion and corrosion. Hard chromium 
plating means a plate usually greater 
than 0.0001 in. thick and generally 
plated directly upon the base metal. 
In most applications, the life of 
chromium plated parts is extended 
several times over their unplated life, 
Table I. If replated before the chrom- 
ium is completely worn, a part may 
be plated and restored to its original 
condition. Also, removal and replace- 
ment of machine parts is less frequent 


C 


and usually much less expensive and 
maintenance expense is reduced by 
chromium plating. Other advantages 
of plating are: investment in spare 
parts is lowered; operating delays 
caused by shutdowns for replacement 
are fewer; parts are protected from 
deterioration whether in use or in 
storage; and quality and precision of 


plated parts are maintained longer be- 
cause of slower wear. 


Characteristics of Chromium 


Chromium is a highly stable metal, 
Table II, but it is inherently brittle. 
Similar to tungsten carbide, the best 
results are obtained when the support- 
ing base metal is also hard. A com- 


Table I—Comparison in Life Between Chromium Plated and 
Unplated Parts 


General machine parts. 


Cutting tools. 


Molds and dies for nonmetallic materials. . 


Metal-drawing and finishing dies. 
Calender rolls 

Embossing rolls , 
Cold-rolling sheet-metal rolls 
Textile rolls 

Printing rolls 


Times increase 
2 to 


.5to 10 
3 to 
2 to 
5 to 
4 to 
2 to 
6 to 
2 to 
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paratively soft base will not support 
a brittle coated surface, especially one 
that is subjected to deforming pres- 
sures such as a blanking-die operation. 

The most suitable base metals are 
hardened steel and chilled iron, but 
other metals can be used depending 
upon the end application. Fig. 1 
shows the comparative hardness of 
various metals. 

Chromium is comparatively gall- 
proof, non-magnetic, and has an elec- 
tric conductivity of 16 as compared 
with silver at 100, copper at 97.67 
and aluminum at 63. 


Cost Reduction by Plating 


An example of the lower cost 
through chromium plating is indicated 
in Table III. The part is the quill of 
a milling machine shown in Fig. 2. 
Finishing the part by plating reduces 
cost by about $6.00 per unit. But more 
important, among the machines re- 
turned to the company for rehabilita- 
tion, it has never been necessary to 
replace the part because of wear or 
failure of the chromium plate. 

In addition to the low first cost and 
excellent abrasion resistance of the 
finish, the chromium plating elimi- 
nates the dangers of growth and warp- 
age in non-plated carburized steel, 
which would give unsatisfactory serv- 
ice and increase maintenance costs. 
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Table II—Properties of Chromium 


Approximate hardness values: 
Rockwell C scale 
Brinell (10-mm ball 3,000 kg 
Mohs' scale—diamond 
Mohs' scale—chromium 


Approximate comparative values of abrasion or wear resistance 


Silver — 
Hard nickel plate 
Bright chromium plate 


Chromium is superior to nitrided steel 


Approximate heat-resistance data: 
Chromium discolors at (deg F 
Oxidizes at (deg F). 

Melts at (deg F).... 


Example: Is used on airplane-engine exhaust manifolds 


Comparative coefficients of friction: 


Steel on babbitt. 
Steel on chromium-plated steel 


Chromium-plated steel on babbitt 
Chromium-plated steel on chromium plated steel 


Corrosion-resistance data: 


Chromium is 


1,100 to 1,470 
1,830 
2,939 to 3,325 


Static Sliding 
0.25 0.20 
0.17 0.16 
0.15 0.13 
0.14 0.12 


dissolved by hydrochloric 


(muriatic) acid and to a minor degree by warm sulphuric acid, but 


resists most other acids. 
materials. 


Chromium plating can also reduce 
tool maintenance, replacements and 
costs. This is being done on new tools 
such as taps, drills, reamers, broaches, 
counterbores, countersinks, mandrels, 
lathe centers, thread-cha;ers, files, mill- 
ing cutters, spinning tools and knives. 
A plate of 0.000016 to 0.000032 in. 


1955 


It resists most alkalies, gases, and complex 


will extend their life, not only because 
of the hardness of the plate, but also 
because of the reduction of friction 
and the failure of other metals to stick 
or weld to chromium at high pres- 
sures and elevated temperatures. 
Since only the surface property is 
involved, it is not necessary to use 
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Table I1]—Cost Reduction With Hard-Chromium Plating 


Procedure and cost without chromium plating: 
(Warpage possible in heat-treating) 


Rough machine 


Carburize with no quench to 25-30 Rockwell C 
by heating to 1,650 F in gas furnace for 5 hr. 


Part cooled slowly in furnace 
Complete machining . 
Heat-treat DEA 
Finish-grind OD... 
Finish-grind ID... 


Total cost.. 


high alloy steels as a base for these 
tools. The most satisfactory material 
appears to be a tough, low-alloy, oil- 
hardening steel. 


Uses of Chromium Plating 


In molding synthetic resins, chrom- 
ium plate has found wide acceptance 
on the molds because it resists attack 
by the acids of the resins. This permits 
the mold to retain its original polish 
and allows easy release of the molded 
object. In vulcanizing rubber, the 
plate resists the attack of sulfur, pre- 
vents sticking during the operation 
and reduces tool costs. 

Mainly because of its low coefficient 
of friction, chromium plate has been 
used on a variety of metal forming 
dies and mandrels. Its surface is hard 
and slippery and prevents galling and 
welding. A plate thickness of 0.0002 
to 0.0001 in. is used for most applica- 
tions. Table IV lists the effect of 
chromium on die service. 

Salvage of worn or mismachined 
parts is a frequent application of hard 
chromium plating. Shafts, rolls, spin- 
dles, and dies are parts that are most 
easily restored to their original sizes. 
Deep pits in rolls or cracked parts 
may be welded, ground to size, and 
chromium applied to the parts, which 
are then often better than new. Chrom- 
ium can be satisfactorily plated over 
chromium. 

Chromium also can be plated to 
most metals including certain alloys 
of aluminum and magnesium. With 
the increasing use of these lighter and 
softer metals, Fig. 3, chromium plate 
permits lightweight designs combined 
with wear resistance as required. 

Cast iron can be chromium plated 


C4 


Rough machine 


Strain relieve at 800 to 1, 200 F in — 
recirculating furnace. 
reaching temperature 


Finish-machining and grinding... ... 
Hard-chromium plating (67 Rockwell).. 
Finish-grind plated surface............... 


Procedure and cost with chromium plating: 
(No warpage possible) 


$2.60 


Cool in air after 


0.25 
4.50 
3.85 
2.75 


Total cost 


Table IV—Effect of Chromium Plate Dies 


APPLICATION 


Bweging c carriage bolts. . 

Forging a tube thimble 
Shearing laminations 

Ring for coining die 

Swaging wire 

Swaging rivets....... 

Pressing stainless steel......... 
Blanking and drawing stainless steel. . 
Blanking and forming No. 1 
Blanking and forming No. 2. . 
Coining. . 

Drawing... 

Forming... 

Cold heading. . 

Stamping brass... . XY 
Mandrel for hard tubing... 


but because of its electrical resistance, 
it requires special handling. This con- 
sists of applying 6 times the normal 
plating current for a short time at the 
beginning of the operation to secure a 
conducting surface of chromium. The 
current is then reduced to normal 
amperage. 

Chromium plating, however, mi- 
nutely follows the part surface so that 
a rough surface on the base metal 
will be reflected in the plated surface. 
Where a bright smooth finish is de- 
sired the machined or ground surface 
must be smooth. Similarly, to obtain 
a uniformly accurate dimension on a 
plated part, its preplated dimensions 


SERVICE 


Vnplated Plated 


200,000 pcs 500,000 pcs 
9,000 pcs 22,000 pcs 
50,000 pcs ,250 pcs 
200,000 pcs ,000 pcs 
4 hr 52 hr 

3,000 pcs | 24,000 pcs 
25 pcs | ,000 pcs 
500 pes | 20,000 pes 

700 per hr 2,000 per hr 

300 per hr 7,000 per hr 

1 week | Several months 

4,000 pulls 

Each time 
Each time 


75,000 pulls 
8 times 

6 to 20 times 
3 times 


10 to 15 times 


Each time 
Each time 


must be held to close tolerances by 
machining or polishing. 

Chromium plating will not fill low 
spots and it tends to accentuate burrs 
and build-ups on edges. For this reason 
comparatively heavy chromium plat- 
ing of threaded parts requires a sub- 
sequent grinding operation on the 
threads to remove the excess plate 
material. 

The plate does not throw readily 
into cup-shaped cavities or into holes. 
Consequently, special conforming 
shaped anodes must be designed to fir 
such places to increase the throwing 
power of the solution and secure a 
satisfactorily uniform plate finish. 


Product Design Handbook Issue 





From: ASTE Paper 


4 slots equally 
spaced on 2./87 dia. 
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4.968 ± 005 


Max cumulative tolerance 


+ 0.010 
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These 3 dias. concentric within 


0.0015 total indicator reading ~~ _ 


TERRE 


Fiatness and axial runout 
of ends within 0.0/0 total 
indicator reading 


Radius max 


Rib detail ( enlarged) 


Fig. 1—Ceramic coil form and gages. (A)—Drawing of coil 
form shown in (B). The threads are cut into the high- 
alumina material with a diamond wheel after firing. Note 
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close dimensional tolerances. (B)—Ring gage checks OD 
of the collar. Large plug gage the ID of the collar end. 
Small plug gage is used for checking hole in end of coil. 


CERAMICS for Mechanical Applications 


Physical properties of crystalline oxides and mechanical 
applications in use or under development. 


ROBERT F. REA 


Manager, Ceramic Research, 
Stupakoff Ceramic and Manufacturing Div., 
The Carborundum Co. 


CERAMIC PARTS ARE BEING USED in 
many applications where abrasion or 
wear resistance is important. Through 
proper design and selection of ceramics 
even the inherent limitations with re- 
spect to tensile and flexural strength 
can often be minimized. Applications 
of these materials include gages, coil 
forms, bearings, seals, welding and 
brazing jigs, spark plugs, steatite and 
titanate insulators, and glass and por- 
celain enamels. These parts are made 
from materials that contain no clay. 

The basic materials in these non-clay 
products are: one or more oxides of 


aluminum, silicon, magnesium, tita- 
nium, beryllium and others. In some 
instances, the raw material may be a 
highly purified natural mineral such as 
talc (an oxide of magnesium and sili- 
con), or zircon (an oxide of zirconium 
and silicon). 

Another class of non-clay ceramic 
products includes the carbides, nitrides 
and borides. The best known of these 
is silicon carbide. Still another field is 
the cermets—combinations of oxides 
or carbides and metals; the end prod- 
uct having properties possessed by 
neither the ceramic or the metal alone. 


Properties of Ceramics 


Most of the properties to be con- 
sidered are physical although reference 
will be made to certain chemical and 
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electrical properties. Generally, the 
physical properties as compared with 
other materials of construction are of 
the greatest interest in mechanical uses. 


HARDNESS: This property is of prime 
importance when considering ceramics 
for mechanical products. However, it 
is difficult to measure. Using the Mohs’ 
scale some of the synthetic carbides, 
notably silicon and boron carbide are 
between 9 and 10. This places them 
as harder than sapphire but softer than 
diamond. The scale between these 
minerals is, however, non-linear; thus 
the true relationship of hardness is, 
at best, inadequate. Other hardness 
scales—Rockwell, Brinell and Knoop— 
have proved equally reliable for ce- 
ramic materials. 

Abrasion or wear resistance, al- 
though related to hardness, is much 
more important and can be accurately 
measured. Many specialized tests are 
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used and give good results. For ex- 
ample, the rattler test for paving brick, 
or the sand blast methods used in 
grading abrasive wheels. Results of 
these tests enable comparisons to be 
made with the properties of other 
products used for the same purpose. 
While aluminum oxide composi- 
tions are harder than other oxide-type 
ceramics, other materials find consid- 
erable application for wear resistant 
parts. Ordinary porcelain, although 
relatively less hard, has good wear re- 
sistance and is used under conditions 
of severe abrasion. Improved ceramic 
compositions containing substantial 
amounts of zircon, corundum ( crystal- 
line aluminum oxide) and mullite (a 
crystalline aluminum silicate) have 
superior wear resistance properties. 


STRENGTH: In general, ceramic mate- 
rials at room temperature have very 
high compressive strengths but in 
comparison with that of alloy steels 
their tensile strengths are low. As with 
most materials, elevated temperatures 
reduce these values, yet the degree of 
reduction is generally less than for 
metals, particularly under conditions 
where oxidation is a factor. 

Room temperature compressive 
strengths range over 300,000 psi for 
high-alumina compositions. Nonpor- 
ous bodies range in tensile strength 
from 10,000 to over 35,000 psi. Ten- 
sile strengths of 65,000 psi are re- 
ported for synthetic sapphires. 


Flexural strength or modulus of 
rupture is more conveniently measured 
than is tensile or compressive strength. 
Fig. 2 indicates some typical values. 

The modulus of elasticity of ceram- 
ics is generally higher than for metals 


—20 x 10° psi for ThO»; 24 x 10° psi 
for ZrO»; 43 x 106 psi for BeO; 50 x 
109 psi for Al;O;. Although alumi- 
num oxide is the least refractory of 
the four, it has the best high tem- 
perature values. 


THERMAL EXPANSION: Ceramic mate- 
rials vary from negative to about that 
of carbon steel in thermal expansion. 
Fig. 5 shows values for several typical 
ceramics, metals, glass and tungsten 


carbide. 


A recent development has been a 
group of ceramic bodies based on 
lithium, having very low thermal ex- 
pansions. One composition shows a 


zero coefficient and another a negative 
value. The lithium composition, shown 


in Fig. 3, under the trade name "Stu- 
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Fig. 2—Average flexural strength 
expansion of ceramics and other 


palith,” has a very low value of ther- 
mal expansion. 

The importance of this property is 
two-fold. Everything else being equal, 
high expansion increases the tendency 
for a material to rupture under ther- 
mal shock. Also, where a ceramic and 
a metal are combined, temperature 
changes can seriously affect the assem- 
bly if the expansion coefficients vary 
widely. 

Materials such as "Stupalith" and 
fused silica have outstanding thermal 
shock resistance because of their low 
expansion rates. Zircon porcelain ce- 
ramics are generally considered good 
in resistance to thermal changes. Mate- 


rials of high expansion, such as forste- 
rite and magnesium oxide, should be 
used with caution where thermal shock 
is expected. Strength and thermal con- 
ductivity should also be considered. 
The ability of alumina porcelain to 
withstand temperature changes, greater 
than its expansion coefficient would 
suggest, this is derived largely from 
its higher strength and thermal con- 
ductivity values. 

Because of their different rates of 
thermal expansion, a ceramic sleeve 


over a steel shaft would not be suitable 
if the temperature increased by even 


a few hundred degrees. The shaft 
would place the ceramic sleeve in ex- 


cessive tension. However, the great 
compressive strength of the ceramic 
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of ceramics, Fig. 3— Average thermal 


materials from 20 to 500 C. 


often permits a metal part to be heat 
shrunk over it. 

Expansion matching is often done. 
For example, Kovar (an iron-cobalt- 
nickel alloy) and Pyrex glass No. 7052 
are widely used for hermetic sealing 
in the electronic industry since these 
materials have equal expansion rates, 
Fig. 3. Kovar is also similar in expan- 
sion to zircon-base ceramics. Tantalum, 
tungsten and molybdenum have ex- 
pansion rates in the range of the ce- 
ramics. Cost and ability to form these 
materials, however, limit their use. 


THERMAL CONDUCTIVITY: Basically 
the common ceramic materials are not 


good thermal conductors. Fig. 4 shows 
some typical values. The high value for 
beryllium oxide accounts for its good 
thermal shock resistance, since the 
thermal expansion (7.3 x 107°) is 
high for a ceramic material. 


ELECTRICAL CONDUCTIVITY: Mate- 
rials of the oxide type generally are 
non-conductors of electricity at room 
temperature and are non-magnetic. Al- 
though elevated temperatures result in 
appreciable conduction in some mate- 


rials, aluminum oxide shows a specific 
resistance of 10 million ohms at 


1,832 F. 


Density: Typical values of some ma- 


terials are shown in Fig. 5. Thorium 
oxide (not shown) has a value of 
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about 10, which is greater than steel. 
It has been used on occasion for 
mechanical applications at very high 
temperatures. 

The low density of the ceramics is 
frequently an advantage. For instance, 
the tensile stresses set up in a rotating 
member are proportional to the den- 
sity. The lower stresses, where ceram- 
ics are used, compensate for the lower 
strength. 


Cost Considerations 
Many factors enter into the final 
cost of a mechanical part. However, as- 
suming that fabrication problems are 
similar, the cost of the material prior 
to final grinding or machining may be 
a fair comparison. The cost compari- 


son, Fig. 6, is based on volume rather 
than weight. Data are based on 8 in. 


lengths of 1 in. round stock, finished 


to a tolerance of + one per cent. 
The difference in basic material cost 
between the best types of ceramics and 
cemented carbide is clearly evident. 
The differential between ceramics and 
the best tool steels is less. However, 
this cost difference may be worth con- 
sidering especially if other factors 
favor the use of ceramic materials. 


Mechanical Applications 


Recent developments in the high 
strength alumina materials and other 
special compositions, coupled with im- 
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proved fabrication and finishing tech- 
niques, have resulted in many mechan- 
ical applications of the ceramic mate- 
rials. These applications include gages, 
tool tips, seals, and bearings. 


GAGES: Generally, the manufacturing 
cost of producing gages in ceramic is 
comparable to that of steel. Precision 
is about the same. However, the life of 
the ceramic gage is many times that 
of steel. Also, the low material cost is 
a distinct advantage. 

In Fig. 1 (A) is shown a precision 
ceramic coil form and three ceramic 
gages used in the checking dimensions 
of the coil. The coil form is of an ex- 
tremely hard composition and ceramic 
gages are used to resist wear and to 
prevent marking of the surface. The 
coil form is used in electronic equip- 
ment where metallic particles on its 
surface cannot be tolerated. (B) in- 
dicates the degree of dimensional tol- 
erance that can be obtained on ceramic 
parts. Surface plates: Ceramic surface 
plates have the advantage of being 
more wear resistant than either cast 
iron or granite. Also, being free of 
residual strain, ceramics do not warp 
or distort in use; nor do they corrode 
like cast iron. 


BEARINGS: Watch or instrument bear- 
ings are ceramics of pure crystalline 
aluminum oxide. They are freer of the 
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microscopic flaws common to natural 
jewels such as rubys. Larger bearings 
made of wear resistant ceramics are 
being used in centrifugal pumps han- 
dling corrosive liquids and chemicals. 
Ceramics are generally resistant to 
most acids, chemicals and gases. 
Development of ceramic roller bear- 
ings for aircraft use is being carried 
on. At present, no information is avail- 
able but it is expected that ceramic 
anti-friction bearings for application at 
high temperatures will outperform the 
best steel bearings. 
SEALS: Rotary shaft seals are being ex- 
tensively studied by several manufac- 
turers for mechanical applications. 


OTHER APPLICATIONS: A common 
application is thread guides used in 
the textile field. In the past, these have 
been mostly of ordinary porcelain, but 
alumina ceramic is gaining favor 
through its superior performance. 

Reciprocating pumps and certain 
valves are using ceramic plungers to 
resist abrasion and corrosion. 

A few other applications are: weld- 
ing and brazing jigs, where low ther- 
mal expansion is important; extrusion 
dies, for greater life and to reduce 
contamination of the extruded mate- 
rial; and tool tips, which use alumina 
because of its greater resistance to tem- 
perature and the high cutting speed 
permitted in lathe work. 
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Fig. 1 Above—Effect of siliconizing temperature on 
depth of coating applied to a low alloy steel. All coat- 
ings were applied to metal in equal periods of time. 


Fig. 2 Right—Relationship between 
chromized coating and the carbon 
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High Lemperature COATINGS 


A. H. SULLY 


Fulmer Research Institute, England 


PROTECTIVE COATINGS utilized as sur- 
face treatments to increase the resist- 
ance of metals to oxidation or corro- 
sion in high temperature service fall 
generally into one of three types. 

l. Diffusion Coatings. Those that 
impregnate the surface of a metal with 
an oxidation-resistant element, such as 
aluminum, silicon, and chromium, that 
diffuses into the base material. 

2. Refractory or Protective Enamel 
Coatings. Those that coat the surface 
of a metal with a layer of non-porous 
material that does not diffuse into the 
metal but gives it protection by act- 
ing as a barrier layer. 

3. Low Emissivity Coatings. Coat- 
ings that reduce the emission or ab- 
sorption of radiant heat by metals. 
They are effective in certain applica- 
tions where metal is heated largely by 
radiation. They reduce the tempera- 
ture of the metal by minimizing its 
ability to absorb heat. 


Diffusion Coatings 


ALUMINUM — Protection of ferrous 
materials against oxidation at high 
temperatures by the deposition of a 


Cs 


surface layer of aluminum depends 
upon the fact that, at high tempera- 
tures in air, a protective layer of 
aluminum oxide is formed on the sur- 
face. 

Aluminum may be applied to the 
surface of steel in several ways: 

l. By solid cementation, in which 
the part is heated in contact with 
aluminum powder. The reaction is 
speeded up if the aluminum powder is 
mixed with a halide which dissociates 
at the temperature of treatment, there- 
by providing an opportunity for vapor 
phase reactions to take place at the 
surface of the specimen. 

2. Spraying with aluminum wire or 
powder from a flame pistol. 

3. Painting with aluminum paint, 
followed by heating to volatilize the 
paint vehicle. 

4. By electrolysis in a fused, low 
melting point, salt bath, or in a suit- 
able non-aqueous bath containing 
aluminum compounds. 

5. By rolling solid aluminum onto 
the surface of steel sheet. 

6. By dipping the article into a 
bath of molten aluminum. 

In all methods of application, the 
underlying surface must be free of 
scale, rust or other contamination; 


otherwise the adhesion of the coating 
will be adversely affected. Care must 
also be taken, especially during hot 
dipping processes, to make sure that 
there is intimate contact between the 
clean metal surface and the molten 
aluminum. 

In the continuous coating of steel 
strip, the steel must be protected 
against oxidation as it heats up when 
entering the molten aluminum bath. 
This may be achieved by: Use of à 
protective atmosphere; protection of 
the metal surface by a preliminary 
coating of some easily fusible metal, 
or by some other metal not easily oxi- 
dized which dissolves in the aluminum 
bath without detriment to it. 

The adhesion and efficiency of the 
coating is affected not only by the 
way in which it is applied but also by 
its subsequent heat-treatment. A short 
application of heat, which may be in- 
curred during the coating process, as 
for example during hot dipping, re- 
sults in the formation at the interface 
of a brittle layer of FeAl. The harm- 
ful effects of this brittle layer must, if 
possible, be avoided. 

These effects may be minimized by 
adjusting the conditions of coating so 
that the thickness of the layer of the 


Product Design Handbook Issue 





C NON-METALLIC MATERIALS AND FINISHES 


ture as low as 1380 F, or even less. 
Low temperatures minimize distortion 
of the part being processed and metal- 
lurgical changes in the metal. 
Siliconized coatings on ferrous mate- 
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Fig. 3—Hardness of chromized coatings at different depths below their 
surfaces. Arrows indicate depth of interfaces between cases and cores. 
As a result of the formation of chromium carbide, the effective coating 
becomes thinner and increases in hardness as the carbon content increases. 


` for Metals 


intermetallic compound is kept as 
small as possible; or, alternatively, by 
a heat-treatment so chosen that mutual 
diffusion of iron and aluminum occurs 
near the surface, with a subsequent 
reduction in the concentration gradi- 
ents, and a reduction in the amount of 
intermetallic compound. Addition of 
silicon to the aluminum bath reduces 
the rate of formation of the intermetal- 
lic compound during hot dipping. It is 
claimed that other additions to the 
bath, such as a small amount of beryl- 
lium, improve considerably the bright- 
ness of the coating. 

The type of process used for alumi- 
num coating depends to a consider- 
able degree on the part to be coated. 
Spraying is particularly suited to the 
coating of large structural members. 
Dipping is more effective for small 
parts, especially those of complex 
shape. Both dipping and rolling-on 
are particularly suited to the produc- 
tion of aluminum coated steel strip. 

Aluminum coating gives low alloy 
steel an effective protection against 
oxidation. Parts protected in this way 
can be used for long periods of time 
at temperatures up to 1300 to 1400 F, 
and for shorter periods at considerably 
higher temperatures. 


Practically all ferrous alloys and 
many nonferrous metals and alloys can 
be protected against oxidation by 
aluminizing. 


SILICON. The impregnation of a metal 
surface with silicon is accomplished by 
reactions at high temperature involv- 
ing the vapor of silicon tetrachloride 
SiCl,. In the reaction, silicon replaces 
the metal with the formation of a 
volatile metallic chloride. 

The commonly used techniques for 
silicon deposition are: 

l. A process in which the parts to 
be siliconized and a silicon compound 
are placed in an enclosure and then 
heated at 1650 to 1850 F in the 
presence of chlorine. 

2. A process in which silicon tetra- 
chloride vapor with a diluent gas con- 
taining a proportion of hydrogen is 
passed over the articles to be treated 
at a suitable temperature. 

For low alloy steel the siliconizing 
process is relatively rapid, a coating 
with a thickness of about 0.030 in. 
being formed in about 2 hours at 
1550 to 1750 F. The silicon content at 
the surface is usually about 15 to 16 
percent. 

The variation of the thickness of the 
siliconized layer with the temperature 
of the siliconizing process is shown in 
Fig. 1 for low alloy steel for a fixed 
time of treatment. If only thin coatings 
are required, the process can be car- 
ried out quite efficiently at a tempera- 
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rials are best known for their good 
resistance to attack by concentrated 
and dilute acids. They also offer pro 
tection against oxidation at moderately 
high temperatures, and have good re- 
sistance to stresses resulting from dif- 
ferential expansion during fast heating 
and cooling. 

Siliconizing also affords a method of 
protecting molybdenum against oxida- 
tion. The process is carried out most 
effectively at a high temperature, up to 
3270 F. It results in the formation at 
the metal surface of a layer of molyb- 
denum disilicide. 


CHROMIUM. Chromizing by cementa- 
tion, a process in which the part is 
heated in contact with solid chromium, 
requires a very high temperature. 
Commercial chromizing processes are 
based upon the reaction between the 
metal and a chromium halide. Usually, 
the process is carried out in the pres- 
ence of hydrogen so that, like silicon, 
chromium is supplied by both replace- 
ment and reduction reactions. 

Coatings 0.02 to 0.05 mm thick are 
formed upon low carbon steel in 4 to 
6 hours at temperatures of 1650 to 
1850 F. 

Chromium has a high affinity for 
carbon. In chromizing, chromium car- 
bides form more readily in coatings 
on high carbon steels than in those 
on low carbon steels. Coatings on high 
carbon steels, therefore, are much 
harder and more brittle. The same is 
true of steels in which the carbon is 
“fixed” by the addition of titanium, 
which has a higher affinity for carbon 
than chromium. 

The variation in coating thickness 
with carbon content of steel is shown 
in Fig. 2; this steel was coated by a 
standard chromizing treatment. In Fig. 
3 are shown the hardnesses at various 
depths below the surface of chromized 
coatings on steels containing 0.1 and 
0.4 per cent carbon, and on cast iron 
containing 3 per cent carbon. 

When suitably applied, chromized 
coatings are ductile and highly resist- 
ant to thermal shock, oxidation, and 
corrosion. 

In Fig. 4 (taken from work by 
Galmiche), the oxidation resistance of 
chromized coatings on iron at several 


C9 








è Cooting Oi mm thick 
© Coating O25 mm thick « 
0 РА 
"we (۴ 
e^ 6-۵ 
ا‎ 
Z^ 


کہ 


Fig. 4 


1650F oo 


Т 7 


1560 F 
e L-L 


-e 


— — 


-----7 


- t 


——— 


SSeS ww um н н» «н» үө —— em am 


150 200 
Time,hours 


Fig. 4—Resistance to oxidation of chromized coat- 
ings of two thicknesses on iron at several tempera- 
tures and hours of exposure. The resistance to 
oxidation is expressed as the gain in weight per 
unit area of coated surface. At about 1650 F, the 
chromium rich surface interdiffuses with ihe 
underlying iron. This interdiffusion results in a 
reduction of the high chromium content at the 
surface, particularly of the thinner coating, and a 
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temperatures and times is shown by 
gain in weight per unit of surface area. 
The oxidation curves for the two sam- 
ples begin to diverge at 1,650 F. This 
divergence results from the interdiffu- 
sion of the chromium rich surface and 
the underlying iron, which reduces the 
chromium content at the surface with 
a consequent loss in ability to resist 
oxidation. 

A similar limitation on the tempera- 
ture at which surface coatings can be 
used is placed on all metallic coatings 
of this type. The temperature will vary 
for different types of coatings, but the 
limit is the rate of interdiffusion be- 
tween the coating and the base metal. 

The oxidation resistance of chro- 
mized coatings can be improved by a 
combined diffusion of chromium with 
other elements, particularly with sili- 
con and aluminum. Introducing silicon 
or aluminum halides into the treating 
atmosphere produces a thicker alloy 
layer for a given time of treatment. 
Also, the oxidation resistance of the 
surface is higher than that of the pure 
chromium-iron alloy. 


Protective Refractory Coatings 


The use of enameling for protection 
against exposure to high temperatures 
is relatively new. It has required the de- 
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ability to 


resist oxidation. 


velopment of new refractory enamels. 

A high temperature protective coat- 
ing normally consists of a refractory, 
usually an oxide such as alumina or 
chromic oxide, together with a vitreous 
enamel composition of high softening 
temperature. 

The coating must be fired on at a 
temperature at which the enamel 
softens to provide a glassy matrix, 
which bonds the refractory particles 
together and provides adhesion be- 
tween the coating and the base metal. 
To get good adhesion and resistance 
to thermal shock during fast heating 
or cooling, it is important that the 
coefficient of expansion of the coating 
matches closely that of the metal. 

Coatings must, therefore, be devel- 
oped for a particular alloy. No one 
coating can be applied with equal 
success to greatly dissimilar materials 
such as mild steel and austenitic steel. 

Coating and enamel compositions 
have been recently developed that pro- 
tect metal parts up to about 1,800 F. 
They resist not only oxidation but 
also the effects of decarburization and 
carburization. 

Coatings are applied with the mini- 
mum thickness necessary to give ade- 
quate resistance to thermal shock and 
assistance to any forming operations 
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Fig. 5—Total emissivity of several refrac- 
tories over a broad range of high tempera- 
tures. The total emissivity of these refrac- 
tories varies greatly with temperature. 


that may be carried out on the coated 
material. Thicknesses of 0.001 to 0.002 
in. often give enough protection and 
permit a considerable amount of bend- 
ing of the metal without damaging 
the coating. 


Low Emissivity Coatings 


Coating metals to reduce their emis- 
sion or absorption of radiant heat at 
high temperatures is a relatively re- 
cent development. 

Typical applications for such coat- 
ings are the tail pipes of engines of 
military aircraft operating at night in 
order to prevent detection by visible 
or infra-red radiation. Also, flame 
tubes of gas turbine engines in which 
a considerable proportion of heat trans- 
ferred from the flame to the wall of 
the flame tube is by radiation. Reduc- 
tion of the radiation heat transfer re- 
sults in a reduction of the wall tem- 
perature of the flame tube. This allows 
the tube to be operated at a higher 
rating, or enables a cheaper and less 
heat resistant alloy to be used at the 
same rating. 

Like the oxidation resistant enamel 
coatings, such coatings must withstand 
vibration and thermal shock commonly 
encountered in service, especially in 
aircraft applications. 
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Fig. 6—Relationship at two temperatures between the 
total emissivity of a coating and its thickness. 


These coatings do not, however, 
have to be intrinsically resistant to 
oxidation. Porous coatings on oxida- 
tion resistant metals can be quite ef- 
fective. For less oxidation resistant 
materials such as mild steel, however, 
the coating must also protect the 
underlying metal against oxidation. 
For such applications, the coatings 
must either be impervious or must be 
applied over a protective undercoating. 

These coatings consist of refractory 
particles bonded with a glassy matrix. 
However, the refractory particles must 
be of low thermal emissivity (absorp- 
tivity), and the coating must be ap- 
plied in such a thickness that radiation 
cannot be transmitted directly through 
the coating. 

In Fig. 5 is shown the variation with 
temperature of the total emissivity of 
various refractory substances. The pure 
oxides magnesia and alumina have low 
values of emissivity at high tempera- 
tures and are suitable substances for in- 
corporation in low emissivity coatings. 

In Fig. 6 is shown the variation of 
the apparent total emissivity of a coat- 
ing at 1,650 F and at 2,200 F with the 
thickness in which the coating is ap- 
plied. The emissivity decreases with 
but attains a 
fairly constant value for thickness in 


increasing thickness, 
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excess of about 0.006 inch. To have 
their maximum effect the coatings 
must, therefore, be applied in thick- 
nesses of at least 0.005 to 0.007 inch. 
This is greater than the thickness re- 
quired for a purely oxidation resistant 
coating. The coating compositions, 
therefore, must be formulated with 
considerable care to resist vibration 
and thermal shock when applied in 
such relatively thick layers. 

In bonding the particles of low emis- 
sivity together and to the base metal 
with a glassy phase, some sacrifice is 
made in the emissivity of the coating 
since the glass bond has an intrinsically 
high thermal emissivity. However, if 
the amount of glass frit is kept to the 
minimum quantity consistent with its 
ability to provide an adequate bond, 
coatings can be formulated for which 
the loss of emissivity is not serious. 
The variation of emissivity with tem- 
perature is shown in Fig. 7 for ground 
fused silica, which is a low emissivity 
refractory and a typical bonding 
enamel frit, and coatings containing 
10 per cent and 20 per cent of enamel. 

When properly applied, the coat- 
ings will withstand repeated cycles of 
heating and cooling at rates likely to 
be encountered in service. In fatigue 
tests, both at room and elevated tem- 
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mixed with enamel bond. 


peratures the coatings did not suffer 
any loss of adhesion before fatigue 
failure of the underlying metal occurs. 

Inequalities of the thickness of the 
coating, such as ridges around holes, 
may lead to local and premature fail- 
ure of the coating at these points 
Spraying techniques have been de- 
veloped to minimize these defects. 

In general, low emissivity coatings 
are not protective. They rely, at least 
in part, on their porous structure to 
give the required low value of emis- 
sivity. Before applying these coatings 
to alloys that are not intrinsically re- 
sistant to oxidation, the surface of the 
alloy should receive some treatment to 
improve its resistance to oxidation. 
Oxidation resistance of mild steel may 
be improved by chromizing or by a 
thin layer of sealed protective enamel 
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To hold copper, gold or silver 
pellets. 


Standard type for holding 
aluminum staple. 


To hold small pellets of gold. 


T-V tube metallizer for 
vertical installation. 


To hold along staple of thin 
aluminum wire. 


Variation of standard type 
for aluminum staple. 


To hold a long section of 
0.060 in. aluminum wire. 


To hang aluminum staples. 


Extra-numerous !5-strand for 
holding aluminum staples. 


Filament shapes to hold different types of metal supply. All are used with 
horizontal chambers except the T-V metallizer which fits into neck of tube. 


The Future of 


Vacuum 


J. G. SEITER 


Manager, High Vacuum Div. 
F. J. Stokes Machine Co., Inc. 


VACUUM METALLIZING IS a low- 
cost plating process, permitting the 
finishing of parts without hand buffing 
or polishing. It is a rapid, automatic 
operation since once the parts are 
racked for coating, they are not touched 
until ready for packing. 


Cn 


Coatings 


Basically, the process is extremely 
simple. Parts to be coated are mounted 
on suitable racks and placed in a 
vacuum chamber. A vacuum pump 
evacuates the chamber to a pressure of 
14 micron. The coating metal is then 
melted and vaporized by a resistance 
heating element mounted coaxially 
along the center of the horizontal 
chamber. As the coating material melts 
and vaporizes, the molecules travel 


through the vacuum at high speed and 
condense on the surface exposed to the 
vapor source. 

Characteristically, these molecules 
travel only in a straight line. If a flat 
sheet of glass were placed in the cham- 
ber with one side facing the vapor 
source, the side opposite the source 
would not be coated unless the glass 
was rotated during the time the metal 
was evaporating. When all sides must 
be coated, the part is rotated within the 
vacuum chamber. 

The success of the vacuum-metalliz- 
ing process depends upon the lacquer 
coatings applied on the material sur- 
face prior to metallizing and the final 
coat of lacquer which protects the thin 
evaporated film after metallizing. 

Since the normal coating thickness is 
thin—for aluminum about 5 millionths 
of an inch—it is necessary that the sur- 
face to be coated be extremely smooth 
and glossy. This can be obtained by de- 
positing a coating of lacquer or syn- 
thetic resin on the part prior to being 
metallized. The coatings contain 
enough solids to fill in minor scratches 
and defects. On zinc die casting and 
steel stampings, for instance, it is mere- 
ly necessary to clean the pieces by the 
conventional method and then apply 
the coating or lacquer by dipping or 
spraying. An oven bake then forms a 
hard, glossy surface for metallizing. 

The outer film is a protective coat- 
ing, needed because of the very thin 
metallized film. Extensive research is 
going on to develop better exterior 
coatings although present films are ex- 
tremely durable. 


Advances in Lacquers 


Many of the lacquers presently be- 
ing used have a great resistance to salt 
spray, humidity and abrasion. Vacuum- 
metallized die castings, for instance, 
have withstood as high as 500 hr of salt 
spray and 800 hr of humidity. Ex- 
perimental coatings are often better. 
One has shown better wearing qualities 
than standard copper-chrome plating 
when tested in a standard Taber abraser, 
with a No. C510 wheel and a 500 gm 
weight. Also, color-fast dyes have been 
developed that simulate brass, gold, 
copper and other colors that are dif- 
ficult to differentiate from highly 
polished brass or copper plating. 


Advances in Coatings 
Rapid advances are being made in 
the use of vacuum-metallized coatings 
in the industrial field. For instance, the 
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Table 1 
Materials that Can be Coated by Vacuum Metallizing 


Table П 
Materials Used for Vacuum Metallizing Coatings 


Flashing 
Time* 


Acetate (molded and sheet) 

Acrylic (molded) 

Aluminum (die-castings and stampings) 
Butyrate (molded and extruded) 
Cellophane 

Cellulose acetate 

Cloth 

Condenser paper (for capacitors) 

Glass 

Metal (die-castings)—aluminum, zinc and slush metal 
Metal (stampings)—aluminum, steel 
Mylar (sheet and film) 

Paper (must be heavily sized) 

Plastics 

Phenolic plastic (molded and laminated) 
Polystyrene plastic (molded) 

Steel (sheet and stampings) 

Zinc (die-castings 


Thickness Applied, in. 


Materials 


19 sec 
5 to 7 min 
5 to 7 min 
5 min 
20 sec 


0.000005 
0.001 to 0.003 
0.001 to 0.003 
0.001 
0.000003 
(usually measured in Angstrom 


units rather than mils 
0.003 5 min 


0.001 to 0.003 to 7 min 
0.003 to 0.005 5 min 
0.003 to 0.005 5 min 


Aluminum 
Cadmium 
Copper 
Gold 
Magnesium fluoride 


Selenium 
Silver 
Tin 

Zinc 


*Flashing time depends on the distance from the metal source to 
the parts to be coated. Total time for coating ranges from 7 to 20 
min, depending upon the size of the chamber to be evacuated and 
the capacity of the pumping system, and also upon the material of 
the parts and the quality of the lacquer undercoating. 


manufacture of selenium rectifiers is 
now a full-scale industrial application 
of vacuum coating. 

Pure selenium is evaporated onto a 
nickel-plated aluminum sheet to pro- 
vide a uniform coating approximately 
0.003 in. thick. A barrier film is laid 
on top of the selenium by vacuum 
metallizing and finally an alloy con- 
sisting of cadmium and zinc or cad- 
mium and bismuth is applied. Masking 
is used to keep the final coat from cover- 
ing the edge of the plate and some other 
sections to permit electrical connec- 
tions. 

Another recent use is the application 
of a conductive film on a nonconductive 
surface to provide a base for subsequent 
electroplating. Vacuum metallizing is 
not considered practical for heavy de- 
posits of most metals and in many in- 


stances, it is necessary to have a deposit 
as heavy as 0.015 in. of metal to provide 
proper current carrying characteristics 
or wearing qualities. These heavier de- 
posits can be obtained by first deposit- 
ing a conducting film of copper on the 
surface of the nonconductor by vacuum 
metallizing and then, by electroplating, 
build up this film to the desired thick- 
ness. Such applications as printed cir- 
cuits on phenolic boards and plating of 
vinyl mats for the printing industry are 
done in this way. 

Optical applications are among the 
first uses of vacuum metallizing. A thin 
film of magnesium-fluoride evaporated 
on the surface of an instrument cover 
or a lens permits full visibility by cut- 
ting down or eliminating glare and re- 
flection. Aluminum evaporated on glass 
provides first and second surface mir- 


rors and half mirrors in varying degrees 
of reflectance vs transmittal of light. 

Other industrial and test applications 
being carried on in the vacuum-metal- 
lizing field include: 

1. The coating of television tubes on 
the interior surface to provide greater 
brilliance and picture contrast. 

2. Metallizing of Mylar film on a 
continuous basis in roll form and then 
bonding to sheet steel to give the 
resulting piece an appearance of a 
highly polished chromium surface. The 
material can be stamped or formed 
without distorting or ruining the bril- 
liance of the metallic coating. 

3. Tests are being made to evapo- 
rate aluminum on steel sheet on a con- 
tinuous basis. Aluminum may provide 
a rustproof coating on steel which will 
be superior to dip galvanizing. 


Vacuum metallizing of RCA television tubes. Opera- 
tor places or loads uncoated tube, neck down, into 
an aluminizing unit. Small cup-shaped dish holds the 
aluminum slugs which are inserted into the coiled 
tungsten filament which extends into neck of tube. 


Ford tail light assembly. Plastic cup (left) is vacuum 
metallized with aluminum. Center and right show the 
finished cup in two positions. Far right is finished 
assembly ready for installation on fender. 





Based on material from Spaulding Fibre Co., 


Inc. 


Properties of Laminated Thermosetting 


Federal 
S 


| 
pec. | 
LL-31 
replacing | 
HH-P256 | Military specification 


Spec Type 


PAPER-BASE GRADES 


Spec Type | 


Flexural Strength 
| si min. 
| Win. thick 
Description Length- 
wise 


| 


| Mechanical applications where electrical properties are secondary. 25,000 | 22, e 


| For hot punching. More flexible and not as strong as Grade X. | 14,000 |M 12, 000 





XXP 


XXX MIL-P-3115A PBE 


| For cold punching and shearing. More flexible, higher cold Sow than | 12. 000 10, 000 
Grade P. 


| Suitable f for usual electrical applications. Good machinability. | 15,000 | 14,000 


Better electrically then Grade XX. Suitable for hot punching. Moisture 14, 000 
| resistance good. | 


| For high humidity and minimum | cold flow — Good for radio- | 13, 500 
freq. work. | 





XXXP | MIL-P-3115A | PBE- P | Better electrically than Grade Xxx. Suitable for hot punching. 


ES-1 


ES-2 


ES-3 


FABRIC-BASE GRADES 


II MIL-P-15035A| FBM 


II MIL- P-15035A| FBG 


XI MIL- P- 15035A| FBI 


II | MIL-P-15035A| ЕВЕ 
| 


ASBESTOS-BASE GRADES 
A III 
AA III 

GLASS-BASE GRADES 


G-1 


Suitable for name plates. Usually — binder. 


| Я 
| Suitable for name plates. Usually phenolic binder. 


| Suitable for name plates. 13,500 | 13,500 


| Strong tough material for gears and where high impact strength i is needed. | 17,000 | 16,000 


| Electrical needing greater toughness than Grade XX. Mechanical needing 17, 000 | 14 ,000 
greater resistance to moisture than Grade C. | 


| ` Small gears and other ine machining uses, not as tough as Grade C. | 15, ооо | 14,000 


| Better machining properties and appearance then Grade CE. Greater | 15, 000 | 13,500 
toughness than Grade XX. 


More resistant to flame and heat than cellulosic grade. | 13,000 | 11,000 


Моге resistant to heat and stronger and tougher than Grade A. | 18,000 | 16,000 


High impact strength. Heat resistant. Good dielectric loss properties 22,000 
and insulation resistance. 


| Good electrical properties mem high humidity conditions. | 20, 





MIL-P-15037A| GMG 
| 
| 


G- MIL-P-997A | 
NYLON-BASE GRADES 


N-1 V MIL-P-15047 NPG 


аз High impact and flexural strength. Good electrical properties. | 20, 


| 





Highest mechanical strength and hardest laminated grade. Excellent | 44, 


electrical properties dry cond. | | 
| Good dielectric loss and insulation resistance under ary ‘cond. Good | 18, 16,000 
| impact strength. | 
Í 





Good dielectric а ad insulation resistance — an bond. ‘Sessions | 20,000 | 18,000 
heat and arc resistance. 


| Excellent electrical properties under high humidity conditions. Good | 10,000 | 9,500 
impact strength under most conditions. | | 
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Plastic Sheet* 


| Dielectric 
Izod Impact Strength Water Dielectric | Strength 
Edgewise, min. abs. Strength | to Lamination 
Ft /1b /1 in. notch Max % Parallel | Dielectric | Dissipation | - Volts 
4-2 | м” to Lam- | Constant Factor Tensile Strength | Compressive Strength Mil. '4"th 


Cond. E-48 /50 thick ination Max. at Max. Psi Psi 


- — — — | Cond. KV min. | 1 Meg‘ at 1 Meg — —— — Short- | Step by 
Lengthwise | Crosswise | E-1/105 le$"-1" | !$"-Max 14" -Max. | Lengthwise | Crosswise Flatwise Edgewise time | Step 


20,000 16,000 | 36,000 | 19,000 110 
9,000 | i 95 


8,500 | . | 75 


0.045 | 16,000 , 000 34,000 23,000 105 


0.040 11,000 , 500 25,000 100 


0.038 15,000 ; 32,000 25,500 


0.030 12,400 , 25,000 
12,000 


13,000 


15,000 12, 


37,000 23,500 


11,200 9,500 | 


12,000 9,000 | 39,000 24,500 


14,000 10,000 35,000 23,500 05 8) 8 


40.0 5.80 0.055 13,500 9,500 | 37,000 25,000 500 300 


0.60 1.50 S 10,000 | 8,000 40,000 17,000 | 111 


3.00 3.00 q 12,000 10,000 38,000 21,000 103 


2.70 15.0 6.00 0.035 12,500 ‚500 50,000 


5.50 0.025 | 16,000 11,000 38,000 15,000 


23,000 20,000 50,000 17,500 


0.020 (6) | 37,000 30,000 70,000 


4.50 0.005 ‚000 


0.003 23,000 


0.60 60.0 


* For Notes see next page 
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Notes—Properties of Laminated Thermosetting Plastic Sheets 


(1) The minimum impact strength of Grade G-5 
sheets are: 


Min Impact Strength, 
Ft/Ib/1 in. notch. 


Thickness, in. в 
Lengthwise | Crosswise 





6.0 | 
7.0 
9.0 | 


) 


(2) The impact value for Grade N-1 sheets apply only 
to thicknesses of V$ in. and over. 

(3) These materials are not primarily electrical grades, 
therefore no standards for their electrical properties are 
contemplated. 


(4) Dielectric loss factor — dissipation factor X di- 
clectric constant. 


( 5 


The maximum dielectric constant for Grade G-5 


and №-1 аге 


Max dielectric constant at 
1 megacycle Thickness, in. 


16 %0 M Over 3$ to 1 


7.80 
3.90 


Material E.lectrical 


Moisture Punching Clean 
Type Quality 


Absorption Quality 
x 
P 


XX 


Lowest number indicates best characteristic. 


Surface | Plastic 
Machining | Appearance | Deformation | Hardness 


(6) For Grade G-5 sheets over 1 in. thickness, the dis- 
sipation factor is 0.025. 


(7) Because of high cold flow, compressive strength 
cannot be measured accurately. Compressive yield strength 
flatwise is about 20,000 psi. 


(8) No values recommended. 


GENERAL NoTE— Values are based on ASTM and 
NEMA standards. 


Range of Thickness for Laminated Sheets 


Standard Thickness Standard Thickness 
Grade 
Min-in. Max-in. Min-in. Max-in. 


0.010 | C e 
0.010 CE o 
1,5 L 0.010 
0.010 LE 0.015 
0.015 A 0.025 
0.015 AA 146 
0.015 G-1 and G-2 Lgo 
D^ G-3 0.010 
0.085 G-5 0.010 
G-6 % 
G-7and N-1| 0.010 


— 


на һә CO һә һә һә к њо м њм о 


Society of Plastic Industries 


Mechanical Riveting Heat 
Toughness Quality Resistance 
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Glass Polyester Premix Plastics 


R. B. WHITE 


The Glastic Corporation 


GLASS POLYESTER PREMIX MATERIALS 
are made of the same constituents as 
the glass reinforced polyester lami- 
nates. Premix molded parts, however, 
have many properties and molding 
characteristics that are different from 
those of molded laminates. 

In molding glass polyester lami- 
nates, the liquid resin constituents are 
normally poured directly in the mold 
onto layers of felted glass mat. With 
premix compounds, the glass and resin 
are mixed together outside of the 
mold before molding. 

The molding techniques and appli- 
cations for these premix compounds 
are generally similar to those of other 
high impact thermoset plastic molding 
compounds such as the phenolics and 
melamines. 

Because these materials are glass 
reinforced, it must not be assumed 
that their tensile strength is high as 
compared with that of conventional 
phenolic materials. Glass polyester 
compounds in general are not out- 


standing in tensile characteristics. Their 
resistance to impact, however, is 
extraordinary. 

Glass premix moldings are indi- 
cated to obtain the properties given in 
Table I. Other characteristics are: Di- 
mensional stability even under severe 
temperature and humidity conditions; 
and accurate intricate contours at low 
molding pressures with rapid cure 
cycles. 

All glass premix molding com- 
pounds are made by mixing three 
basic ingredients: Glass fibers; plastic 
resins; and inert filler materials. 

Proportions and forms of these con- 
stituents vary over wide limits. The 
resins vary from a thin fluid to a 
solid. The glass fibers may be contin- 
uous strand rovings, chopped threads 
of fine yarn, or chopped fabric. The 
fillers range from heavy low oil ab- 
sorption powders such as calcium car- 
bonate to light fluffy materials such as 
magnesium silicate. 

There are two general classifications 
of compounds: Low glass mixes, less 
than 20 per cent glass; and high glass 
mixes, more than 20 per cent glass. 
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Low glass mixes are less expensive 
and less erratic in their behavior. They 
have lower physical properties but they 
tend to have excellent dimensional, 
electrical and chemical stability under 
severe temperature and humidity con- 
ditions. 

High glass mixes generally are more 
difficult to handle in molding. Also, 
they may yield erratic results depend- 
ing on the design of the parts and the 
molding techniques. 

While many of these materials in the 
uncured state can be readily formed by 
hand, they frequently are too sticky to 
process with conventional preforming 
equipment. Also, they have a tendency 
to spring back after pressing. 

Some of the compounds are very wet 
and under molding pressure work into 
clearances and freeze conventional ejec- 
tion pins. In such instances, special 
clearance and clean out provisions can 
sometimes be made. 

Deep mold cavities are generally re- 
quired because of the high bulk factors 
of these materials. 

Generous breathing is required in 
the mold at blind sections so that they 
fill completely. These compounds, as 
compared with the relatively dry con- 
ventional thermosetting compounds, 
tend to seal off such openings and pre- 
vent the escape of air. Molds for the 
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(A) POOR 


3—Two methods of 
molding .a tongued bracket. 
—(A) Tongwe. at right angle 
to molding we, Flow of 
compounds orients un- 
favorably for strength at base 
of tongue.—(B) Tongue par- 
allel to molding pressure. 
Flow of compound orients 
fibers to develop maximum 
strength at base of tongue. 
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77-Cored holes 


*Drilled holes 


(8) PREFERRED 


Fig. 4—Two designs of a 
molded cup or cover.—(A) 
Poor. Rim strength is not 


fully developed as a result 
of unfavorable fiber orienta- 


tion.—(B) Preferred. Bead 
permits fibers to knit at rim. 


(B) PREFERRED 
\ 


L 


tation and shrink stresses.—(B) Preferred. Hub design improves fiber 
orientation and knitting to resist cure stresses during the mold operation. 


Table I—Properties of Glass Reinforced Plastics 


Glass Polyester Compound 


Glass Mat | 


Polyester 
Laminate | 


Flexural Strength, 1000 psi 
Modulus, 105 

Impact, ft-lb 

Molding pressure, psi 
Heat distortion. deg C 
Solvent resistance 

Color range 


higher impact premixes should have a 
telescoping pinch trim action. Raw 
fibers may show in the squeeze-off 
areas of a flash or landed mold. 

Mold design influences the strength 
characteristics of the finished part, be- 
cause during molding the reinforcing 
fibers are oriented in the direction of 
flow. 

The bracket shown in Fig. 3 could 
be produced at less cost if the tongue 
portion was placed horizontally, Fig. 
5 ( A), rather than vertically, Fig. 3 (B), 


Cie 


20 to 40 
15 to 30 
10 to 30 
50 to 200 
150 to 250 
Good 
Fair 


Low Glass | High Glass Glass 


Phenolic 


10to25 | 18 to 25 
15 to 20 | 30 
5 to 20 10 to 15 
500 to 2000 | 3000 to 7000 
150 to 250 250 
Good Good 
Good Poor 


6 to 20 | 
15 to 20 | 
2 to 5 | 
500 to 2000 | 
150 to 250 
Good 
Good 


in the mold. With the tongue in the 
horizontal position the holes can be 
cored, however, full strength may not 
be obtained in sections where the plas- 
tic welds after flowing around the core 
pins. Also, at base of the tongue, the 
fibers are not well oriented to impart 
strength. If molded with the tongue in 
the vertical position, the holes must be 
drilled but the orientation of the fibers 
produces maximum strength. 

Two designs of a molded cup or 
cover are shown in Fig. 4. The strength 


of rim of the cup shown in Fig. 4(A) 
is likely to be poor since the reinforcing 
fibers are oriented at right angles to the 
edge instead of parallel to it. The boss 
at the rim of the preferred design, Fig. 
4(B), gives greater mass and better 
knitting of fibers. 

Poor and preferred designs of a 
molded flange part having a large cen- 
tral hole are shown in Fig. 5. In the 
design of Fig. 5( A), the thin hub wall 
around the large hole tends to crack in 
curing because of shrink stresses and 
unfavorable orientation of fibers. In 
Fig. 5(B), the part is designed so that 
the molding operation orients the glass 
fibers to resist radial cracking as a re- 
sult of shrink stresses during curing of 
the hub in the mold. 

Glass polyester premix molding is a 
new art not too well understood as yet 
even by those engaged in it. In estab- 
lishing quality control and purchase 
specifications, therefore, the ability of 
the material to meet specific require- 
ments is usually determined by making 
experimental parts. 

Prior to specifying a premix com- 
pound for any new application, careful 
consideration should be given to the 
problems associated with controlling 
the quality of the molded product. Most 
of these problems are concerned with 
the incorporation of design features in 
the molded part and modification of 
material characteristics to avoid the 
following problems: 


1. Weak sections as a result of un- 
favorable fiber orientation. 

2. Weak spots such as "weld lines" 
or "gaps" where fibers do not interlock 
effectively. 

3. Excessive resin richness or lack of 
fiber reinforcement in the extremities 
of the molded part. 

4. Unpredictable warping 
molding thin walled parts. 

5. Small cracks around the inside of 
a molded opening. 

6. Internal voiding in heavy sections, 
which reduces the dielectric strength 
through these sections. Also, these voids 


when 


make the molded part, unless vacuum 
impregnated after molding, unsuitable 
where hydraulic or hermetic sealing is 
required. 

7. Development of cracks around 
sprue openings in transfer molded 
parts. 

In working out the problems of 
molding a new product, the best solu- 
tion sometimes lies in the modification 
of the molding compound to meet the 
requirements of the particular part. 
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From: General Motors Engineering Journal* 


Grayhill Co., Molding Handbook 


C NON-METALLIC MATERIALS AND FINISHES 


Designing with Plastics 


Part design, mold construction, molding methods, and finishing operations 


for thermoplastic and thermosetting materials. 


IN THE DESIGN of a molded plastic 
part, the prime consideration is to pro- 
duce the part with the required me- 
chanical and physical properties by the 
most economical process. Thus, first 
consideration is given to the material; 
thermoplastic or thermosetting. Mate- 
rial choice will dictate the molding 
method; injection, transfer or com- 
pression. Other factors then considered 
include: specific material selection; 
tolerances; design features and finish- 
ing methods. 

Thermosetting parts are made by 
transfer or compression molding; 
thermosetting or hot set materials in- 
clude: phenolics, ureas, melamines, 
and polyesters. 

Thermoplastic parts by injection 
molding, although some special parts 
may be produced by the compression 
or transfer methods. Thermoplastics 
or cold set materials include: acrylics, 
styrenes, butyrates, vinyls and others. 


Molding Methods 


In injection molding, a granular 
thermoplastic molding material is fed 
into a heated cylinder where the resin 
softens. A ram then forces the material 
into an injection nozzle which forces 
the material into a relatively cool 
closed mold where it hardens. Injec- 
tion molding is limited to the manu- 
facture of thermoplastic parts. 

In compression molding, the plastic 
material, supplied in comminuted 
form, is softened in the mold by heat. 
Shaping is accomplished by closing the 
mold under pressure. The pressure 
welds the molding compound to itself, 
and the mass takes the shape of the 
mold cavity. Thermosetting materials 
require the continuance of heat until 


* The Journal is available regularly only 
to engineering educators and technical li- 
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hardening is effected by chemical 
change or cure. Thermoplastic mate- 
rials are permitted to cool in the mold 
cavity until hardened. 

In transfer molding, the molding 
material, usually preformed and pre- 
heated to a softened semiplastic state, 
is introduced into a transfer piston, 
which is separate from the mold 
cavity. Under pressure, the material is 
forced through one or more gates into 
the heated mold cavity or cavities. As 
in compression molding, the formed 
part is cured in the mold under con- 
tinued heating until it has hardened. 

The decision as to which of the two 
basic molding methods, compression 
or transfer, to use for the thermosetting 
materials is based on the consideration 
of several factors. 

Compression molding is generally 
more suitable where certain aspects of 
size control are critical. The reason: 
fewer strains are set up in the part as 
it sets and shrinks. Concentric diam- 
eters, roundness of holes and external 
surfaces, and flatness are more nearly 
characteristic of compression than of 
transfer molding. 

Comparable results may be achieved, 
however, in transfer molding through 
close control of the molding operation 
and the plasticity of the material being 
molded. 

Conventional compression molds 
are generally less expensive than con- 
ventional transfer molds since they are 
less complicated in construction. 

Transfer molding is more appropri- 
ate where delicate cores, accurate mat- 
ing surfaces and complex parting lines 
are necessitated by the design of the 
part. The reason: the mold is closed 
before the molding compound is 
forced into the cavity. This type of 
molding also allows the maintenance 
of closer thickness tolerances where the 
dimensions are critical. 
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Mold Construction and Part Design 


Design features obtainable, such as 
mold tolerances, fillets and radii, draft 
allowance, taper, undercut and inserts 
vary with the molding process. Design 
features that are difficult to produce 
usually result in high mold construc- 
tion costs or poor quality moldings. 


MOLD TOLERANCE: The finished toler- 
ances that can be held on any plastic 
product are controlled by the accuracy 
which can be held in building the mold 
cavity and on the shrinkage rate. 

In the construction of a mold for 
either material, a working tolerance 
of plus or minus 0.005 in. on any criti- 
cal dimension is considered practical. 
If dimensioning requires greater ac- 
curacy, a tolerance of plus or minus 
0.002 in. can be held. This will result, 
however, in a 15 to 20 percent increase 
in mold construction cost. Table I lists 
working tolerances and properties for 
some thermoplastic materials. 

For either plastic, the cavities and 
cores are made oversize by an amount 
equal to the shrinkage of the part as it 
cools. This allowance ranges from 
0.004 to 0.010 in. per in. 

The mold for any one given part is 
designed for use with a particular ma- 
terial. Material substitutions cannot be 
made if tolerance is a critical factor 
unless shrinkage is the same. 


FILLETS AND RADII: As a general rule, 
the use of fillets and radii result in 
lower mold construction cost. From a 
design standpoint, quality of the 
molded part is improved. 

The use of fillets and radii permits 
easy flow of plastic into the cavity, al- 
lows less chance of trapping air within 
the cavity as it fills, lessens stress con- 
centrations in the molded part which 
develop where sharp corners are preva- 
lent, adds strength to both cavity and 
part, lessens material warpage follow- 
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ing molding, and does not reflect 
blemishes in the molded part. 

Mold cost is lowered because scand- 
ard radius cutting tools may be used. 
For example, Fig. 1 (A), shows a part 
with square corners; Fig. 1 (B), the 
same part but with a slight radius ap- 
plied to the corners. This modification 
saves from 4 to 8 hr of hand work 
and/or machining time per cavity. 
Operations needed are: an end-milling, 
one hole to drill and one core pin to 
fit. Original part required: end-milling, 
hole to drill, fitting of core pin, and 
either hand working to make sharp 
corners, or milling slots at either end 
of cavity and machining, fitting and 
securing blocks (Fig. 2) into the slot. 


SECTION THICKNESS: The cross-sec- 
tional design of a molded plastic prod- 
uct should be uniform and as thin as 
strength requirements will allow. Some 
of the disadvantages of irregular cross 
sections are: tolerances are harder to 
hold because of uneven shrinkage; an 
overall weakening because of the pres- 
ence of internal stress concentrations; 
undesirable material flow characteris- 
tics in the mold cavity, and longer cure 
time. Fig. 3 shows how a design shape 
improvement can be made to maintain 
a regular cross section. Table II lists 
some suggested wall thicknesses. 


INSERTS: When it is necessary to use 
inserts in the design, it is important 
that the insert be surrounded with 
enough plastic to absorb shock and 
prevent fracture. Inserts should not 
have any sharp corners or edges since 
these develop stress concentrations. 


FLASH: Since cleaning is an expensive 
Operation, care in part design, mold 
design, and construction, and mold 
maintenance can reduce cleaning oper- 
ations tO a minimum. For example, 
Fig. 4 shows a simple pin molded hole. 
Pin will mold the hole but leaves a thin 
flash that must be tumbled off. A thin 
fin will remain after tumbling. Fig. 5 
shows a core pin piloted through the 
mating die. The flash is vertical to the 
mating plane and can be easily tumbled 
off to leave a clean sharp hole. 


Finishing Operations 


There are certain design considera- 
tions which must be considered to 
achieve economical buffing. Sharp 
edges and corners are difficuit to buff. 


C20 


Table I—Some Thermoplastic Properties and Characteristics 


Properties and Characteristics 





Molding qualities Good 
Injection molding temperature—F 


Injection molding pressure—psi 


Mold shrinkage, in. per in 
0.040 


Practical working tolerances, in. per in. 
Specific gravity 
Specific volume, cu in. per Ib 


Tensile strength- -psi 
3,000 


Compressive strength—psi... 
1,700 





Rockwell hardness 


Effect of metal inserts 


Machining qualities.................. | 


They are hard to get at and tend to 
burn easily because of the concentra- 
tion of buffing friction. 

Undercuts or recessed design fea- 
tures on the front side of a product 
should be avoided. They collect grit 
and buffing compound, the removal of 
which requires an additional operation. 
Square or irregularly shaped designs 
are costly to buff and clean because 
they require special handling to contact 
multi-level surfaces and corners. 

The design features of decorative 
plastic parts, Fig. 6, that affect the fin- 
ishing operations are critical from the 
standpoint of low-cost processing. 
Width of all recesses in the part 
should be equal to or greater than the 
depth required to permit uniform cov- 
erage of paint and metal vapor. To 
coincide with minimum thickness of 
painting masks, the minimum depth of 
recesses should be 0.030 in. To offset 
the buildup of internal stresses and 
lessen the possibility of flow lines, the 
depth of recessed design features 
should not exceed 1⁄4 the thickness of 
the overall cross section of the part. 


REFERENCES: 


A Discussion of Design Principles and 
Their Effect on Economical Processing of 
Molded Plastic Products, by Robert W. For- 
ward, Inland Manufacturing Div., General 
Motors Engineering Journal, Jan-Feb 1955. 

Thermosetting Molding Handbook, Gray- 
hill Corp., La Grange, Ill. Published 1955. 


Polyvinyl 
Chloride 


320-385 


10,000 to 
25,000 


0.010 to 


0.0100 
1.2-1.5 
21.3-17.3 


1,500 to 


900 to 


Varies 


Cellulose | 
acecate 


butyrate 


Methyl 
| Metha- 
| crylate 
I 


Poly- | 
styrene | 


Poly- 
ethylene 


I I 
Excellent | Excellent | Excellent | Excellent 


335-480 325-600 300—500 350-475 


10,000 to | 
15,000 


8,000 to 
30,000 


10,000 to 
30,000 


15,000 to 
30,000 


0.020 to | 
0.050 


0.002 to 
0.007 


0.002 to 
0.006 | 


0.002 to 
0.005 
I 

0.0025 0.0020 0.0150 | 0.0015 


1.15-1.25|1.05-1.065| 0.092 |1.18-1.19 


24.0-22.2|26.3-26.0| 30.1 23.4-23.2 


2,600 to 
6,900 


5,000 to 
9,000 


7,500 to 
10,000 





7,500 to 
22,000 


11,500 to 
16,000 


12,000 to 
18,000 


M-65 to 
M-90 


R-60 to 
R-115 


R-11 M-85 to 


M-105 


Inert Inert Inert 


Fair to Fair Excellent 


Good 





Fig. 1—Design of part to be molded. 
(A) Part as designed with square cor- 
ners, (B) Redesign to simplify mold 
and cavity design. Rounding the cor- 
ners of the part reduces mold cost. 


Fig. 2— Blocks fitted into ends of mold 
cavity to obtain square corners as 
shown in Fig. 1 (A). Blocks are not 
needed if corners are rounded. 


Product Design Handbook Issue 





Table II—Suggested Wall Thickness, Inches 


Min. 


for any 


Material article 


Thermosetting Phenolics 
General-purpose and flock-filled 
Fabric-filled 
Mineral-filled 


Alkyd— 
Glass-filled 
Mineral-filled 


Ureas and Melamines 
Cellulose-filled 
Fabric-filled 
Mineral-filled 


Thermoplastics 
Acrylics 
Cellulose acetate VT 
Cellulose acetate butyrate... 
Ethyl cellulose 
Polyamide 
Polyethylene 
Polystyrene 
Polyvinyl 


roor design 


For 
small 
articles 


Average 
for most 
articles 


Large 
to max. 
articles 


187 to 
187 to 
200 to 


125 to 0. 

125 to 0.187 
125 to 0.187 
„093 *о 0.125 
‚093 to 0.125 
093 to 0.125 
125 to 0.250 
125 to 0.250 
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Improved design 


Fig. 3—Before and after part design to improve cross section. Improved design 
reduces material needed and mold time as well as increasing molding quality by 
reducing stress concentration, distortion, and adding strength. 


Parting line 
i 


Sectional view 
of mold 


Porting line 


Sectional view 
of mold 


View of section 
through hole- 
otter tumbling 


View of section 
Through hole- 


after tumbling 


‘ig. 4—Simple core pin design for molded hole. Inset shows fin left on hole 
after tumbling. To clear hole a drill operation is needed adding to cost through 


additional handling and set up time. 


Fig. 5—Piloted core pin design for molded hole. Inset shows sharp, clean hole 
after tumbling since flash is vertical to parting line and no fin remains. On high 
procuetion parts overall cost is reduced since no work is needed to clean hole. 
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Shorp 
edges ... 


Radii”  cection B-B 


e----Thiís surface coafed wifh 
voporized aluminum 


< -Opaque 
white 


-— Bronze 


` E min height 
‘—A// letters painted gold 
“--A// numbers bright gold 


` -=- Clearance requires mask 
to vaporize and to spray 
back-up coat 


«~~ Sharp edges are 
difficult fo buff 


H Section A-A 
Ł-0.03 steps used in 
masking and painting 


Changes in elevation of 
painted or vaporized 
surfaces should be 
generously filleted --- 7 


, 
A A е 


Section C-C 


Deep cup-shaped designs 
require double 
voporizing to obtain 
complete coverage 


Fig. 6—Design of decorative part for 
finishing operations. — (A) Recessed 
design features should have sharp 
edges on the top surface to permit ac- 
curate masking.—(B) Height of let- 
ters and scroll work should be limited 
to %& in.— (C) Changes in color 
should occur at a sharp vertical change 
in elevation to permit masking.—(D) 
Painted or metal-vapor surfaces which 
have a change in elevation should have 
the change filleted to insure coverage. 
— (E) Cup-shaped surfaces should 
have the depth of cup held to a mini- 
mum and all surfaces located in a 
plane parallel to the mold parting line 
to permit applying a paint or vapor 
finish which has uniform coverage. 
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From: Du Pont Teflon and Nylon Handbooks; American Chemical Society Meeting 


Tensile strength, psi 





Temperoture, F 


Fig. 1—Effects of application operating temperature on the 
tensile strength and elongation properties of nylon. 


THE CHOICE OF a thermosetting or 
thermoplastic resin for mechanical 
equipment components and mechan- 
ical packings requires a rather complete 
knowledge of the material properties. 
In comparison with most metals, plas- 
tics have a lower tensile strength, 
yield strength, creep strength and elas- 
tic modulus. In general, they have 
relatively narrow temperature limita- 
tions and low thermal conductivity. 

However, certain plastics have de- 
sirable properties which can be used 
to advantage for specific applications, 
Table I. For example, some plastics 
can be employed without lubrication in 
rolling or sliding contact with metals; 
hence make good bearings and gear 
materials. Other plastics are slippery 
and chemically inert. They are suited 
for bearings and mechanical seal faces 
in contact with corrosive fluids. A 
low yield point and low elastic modulus 
combined with corrosion resistance 
make many of the thermoplastic ma- 
terials useful as gasket materials. 

Most plastics can be molded into 
intricate shapes; hence can be mass 
produced at a lower cost than many 
functionally equivalent metal parts. 
Many possess a combination of high 
impact and abrasion resistance, along 
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Plastics for 
Mechanical Components 


with high strength-to-weight ratio 
which make them attractive for me- 
chanical applications. 

Two thermoplastic resins, nylon and 
tetrafluoroethylene, or Teflon, are espe- 
cially suitable for mechanical parts. 
These can be molded to form finished 
machine parts such as bearings, gears, 
cams and other mechanical components 
such as seals, gaskets and packings. 

Nylon is better for gears and cams 
since it has higher tensile and other 
properties. Teflon is used for gaskets, 
seals, bearings and other mechanical 
parts because of temperature stability 
and chemical inertness. However, the 
rapid advances being made in the 
filled Teflon field is attracting attention 
as a material for piston rings, bearings 
and other mechanical parts. 

One of the major advantages of these 
thermoplastics over the well-known 
and well-used thermosetting resins is 
the ability to stress relieve molded and 
fabricated parts by heat-treatment. 
Nylon parts can be relieved in boiling 
water or in an oil bath if fhe part is 
intended for high temperature service. 

If the parts are to be used with water 
or an aqueous solution as the lubri- 
cant, the moldings should be sized for 
the saturated condition or be machined 


Impact strength, IZOD, ff Ib/in 





40 80 
Temperature, F 


120 160 


Fig. 2—Effect of application tempera- 
ture on the impact strength of nylon. 


to size while the stock is still saturated 
with water. For air-lubricated applica- 
cations, the stock should be permitted 
to resume equilibrium conditions with 
respect to atmospheric moisture before 
machining to size. Dimensional sta- 
bility after such treatment is about 
0.001 to 0.002 in. per in. of diameter. 

Unfilled and glass-filled Teflon parts 
are also stress relieved to insure dimen- 
sional stability. Heating for one hour 
at 275 to 300 C followed by slow 
cooling will insure residual stress free- 
dom. No allowance is necessary for 
water absorption since it is zero for 
this material. 

The internal directional stresses, 
caused by tensile or compressive force 
in cold working the material are 
termed orientation, and have a marked 
effect on the physical properties of 
Teflon. This is typified by molded 
sheets that are cold rolled to increase 
length and width with a corresponding 
reduction ir *' ickness. Rolling of sheet 
stock induces a residual tensile stress 
and reduces the tendency to deform 
under compressive load. On the other 
hand, when sheets processed in this 
manner are heated, without physical 
restraint, they shrink in length and 
width and increase in thickness, be- 
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SLIDING CONTACT 
Plain Bearings— Nylon 


Plain Bearings- 


25% glass-filled 
Teflon 


Unlubricated passenger elevator 

guides—N ylon 

Spindle sleeves—N ylon 
ROLLING CONTACT 

Gears—N ylon 


Truck wheels—N ylon 
Cams—N ylon 


SPECIAL APPLICATIONS 
Transparent cover— Acrylic 


Elevator buckets— N ylon 


Acid shields— Polyethylene 
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Table I—Typical Applications of Plastics 


Finish roll shaft bearings of nylon 
spinning machines.  Eliminates 
contamination. 

Guide bearings on vertical sub- 
merged pumps in nitric acid 
service. 

Passenger. elevators. Improves 
housekeeping and reduces fire 
hazard. Excellent life. 


Used to rebuild worn spindles on 
textile equipment. 


Spinning pump drives. 
Pallet trucks. 
Machine installations. 


Cover was fabricated for air- 
purged slip ring housing of syn- 
chronous motor to permit inspec- 
tion of brushes without disturbing 
air purge. 

Replaced stainless steel on cost 
basis. 


Molded split covers for pipe 


Fabric laminates— Teflon 


Spiral wound — T eflon filler 


Envelope— T eflon 


Molded T—Plasticized poly- 
vinyl chloride 
Irregular shapes cut from sheet 


stock-——Plasticized polyvinyl 
chloride 


PACKINGS 
Shredded Teflon die-formed to 
size 
Solid braided-Teflon 


Braided Teflon yarn, filled with 
Teflon dispersion 

Mixed Teflon—4Asbestos braids 
Asbestos braid filled with Teflon 


dispersion. Braided over an 
elastic core 


Lantern rings—Tefion 


Hot oxidizing acids. Concen- 
trated H:O:, Ch, organic chemi- 
cals. 


Stainless steel pipe flange gaskets 
for organic chemicals in batch or 
continuous operations. Diameters 
from 1 to 60 in. 


Manhole and large diameter flanges 
of distillation towers for organic 
chemicals. 


Glass column. HCI and organic 
chemicals. 


Stainless steel exhaust ducts. 


Pumps and agitator shafts. 


Pumps, agitator shafts and valve 
stems. 


Pumps and agitator shafts. 


Pumps and agitator shafts. 


Pumps, agitator shafts, 
stems. 


valve 


flanges in corrosive service. 


GASKETS 


Plain solid ring—Unoriented Hot 
Teflon or 2577 glass-filled Teflon 


Plain solid ring—Plasticized 
Polyvinyl Chloride 


cause of the stress-relief that takes 
place. 

After a cold working operation, any 
article of Teflon may contain internal 
stresses. To obtain maximum dimen- 
sional stability, it is necessary to re- 
move such stresses by heating at a 
temperature above that which will be 
met in service, before finishing to the 


final dimensions. 


Nylon Mechanical Parts 


Nylon is suitable for mechanical 
applications in which strength, resili- 
ency, abrasion resistance, and a low co- 
efficient of friction are required. Also, 
for gear and bearing applications, it 


0.010 


0009 
0.008 


0007 


Bearing clearance, in. 


“Lubricated powdered 


oxidizing acids. Сопсеп- 
trated HO», Cl, organic chemi- 
cals. Sizes up to 84 in. dia. 


Cold oxidizing acids. Weak HO. 


V-rings 
U-rings 
Wedge-rings 
Piston rings 
Full floating 
segmental! ring 
packings 


does not require lubrication and re- 
duces noise because of its ability to 
absorb vibration. 

Many bearing applications have been 
operating at 20,000 rpm without a 
lubricant except for a film of light oil 
used to reduce the wear rate during the 
break-in period. The PV value for 
such installations, however, should not 
exceed 10,000. If well lubricated or 
immersed in water or a non-abrasive 
fluid, PV values up to 50,000 may be 
used. 

In service nylon gears and bearings 
rarely fail from abrasive wear. Gen- 
erally, failure is caused by excessive 
loads or temperatures. Stiffness is 


metal bronze bearing 


200 300 400 


500 600 


Service time, hr 


Fig. 3—Wear of nylon bearings is almost zero after initial break-in period. 
Curves for first 100 hr also show the advantage of using initial lubrication. 
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Phenolic 


Pumps and agitator stuffing boxes 


Valve stems. 


Gas compressors, hot oil. 


lost at elevated temperature. Generally 
applications should be limited to serv- 
ice temperatures below 350 F, and 
should not exceed 300 F if the tem- 
perature is continuous. If the part is 
load bearing, temperature should not 
exceed 250 F. Fig. 1 shows the effects 
of temperature on tensile strength and 
elongation. Fig. 2 shows the effects of 
temperature on impact strength. 

Of primary importance in heavy 
duty applications are tolerances for 
running clearance. Probably the most 
difficult phase of the tolerance problem 
is the dimensional stability of the part 
in service. Five operating conditions 
are involved: temperature range, 
humidity, speed, load and stability of 
the part as produced. 

The expansion of nylon with changes 
in temperature is substantially greater 
than that of metals. Its coefficient of 
linear expansion is 5.5 Х 1075 іп. рег 
in. per deg F compared to 1.0 — 2.0 X 
10-5 for steels. Also, excessive humid- 
ity causes nylon to expand. However, 
when clearance between two or more 
parts is critical and these expansion 
rates are excessive, a solution is to 
make both parts of nylon so that their 
rates of expansion are the same. 

Speed and load are important factors 
in establishing adequate clearances and 
provisions for heat dissipation. Bear- 
ings designed without such considera- 
tion have seized in 5 to 10 seconds. 
In general, the clearance required in 
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Table Il—Test Data for Frictional and Wear Properties 


With and Without 


Materials Lubricant 


Nylon against cold drawn steel Water 


SAE No. 10 


Nylon against cold drawn steel 


Dry 
88^; 


Nylon against nvlon 


R.H.* 


Dry 
88^; 


Nylon against nylon 


R.H.* 


*R.H. -relative humidity 


a sleeve bearing is 3 to 4 times that 
acceptable with the more common 
bearing metals. However, the excellent 
wear resistance of nylon can often 
offset this condition. For example, 
Fig. 5 shows the wear in a continu- 
ously lubricated porous bronze bearing 
with an initial clearance of 0.002 in. 
and two nylon bearings with initial 
clearances of 0.004. The effect of the 
larger design clearance is offset after 
about 460 hr of operation with initial 
lubrication and 600 hr without initial 
lubrication. 

Coefficient of friction values are 
shown in Table II. Combinations of 
nylon against nylon have the lowest 
coefficient of friction and the lowest 
wear rate 
tolerance consideration noted 
for bearings also applies to gears and 
other mechanical components. Theo- 
retical safe working stresses for gear 
teeth are given in Table III. In addi- 
tion, because of their resiliency, nylon 
gears often have two or more pairs of 


The 


teeth in contact simultaneously. Thus, 
stress factors calculated with the con- 
ventional formulas are conservative. 


Table IV—Gaskets and Packings 
Temperature Limits 


Upper Service 
| Тетр, Е 


Packings 


Gas 
kets 


(Slow 
Material 


Teflon— Non-reinforced 392 


| 


Polyvinyl Chloride—Plasticized | 140 
{ 


Teflon—Asbestos reinforced 482 


Trifluorochloroeth ylene 302 
Polyethylene 95 
Nylon 257 


Phenolics—Paper or Linen 
reinforced 


Phenolics— Asbestos reinforced 
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Moving) 


Lubricant 


| 
Rub- | 


| bing Rate of | Average 

| Veloc- Wear, | Coeffic- 

Load, | ity in. per | ient of 
psi fpm | Lé hr Friction 


050 156 0.0092 | 100 
150 
200 
250 
400 
500 


800 


0.494 


,550 156 0.005 0.140 


0.039 to 
0.099 


050 0.0016 


550 Immeasur - 


able 


Teflon Mechanical Parts 


The outstanding properties of Tef- 
lon, on which are based its many me- 
chanical applications are: its toughness 
over a wide temperature range, its 
chemical inertness, heat resistance, and 
low coefficient of friction. Further- 
more, certain characteristics such as 
deformation under load can be im- 
proved by adding fillers of carbon, 
asbestos, glass fibers and others. The 
major applications are gaskets, pack- 
ings, seals, and filled bearings. 

Teflon is an efficient gasket material 
because of its good mechanical prop- 
erties over a wide range of tempera- 
ture. Its high elongation is evidence 
of its exceptional ductility. Com- 
pressive properties are comparable to 
those of high grade rubber bonded 
asbestos, except for its recovery char- 
acteristics. Teflon compresses at a 
uniform rate with increasing load. A 
lack of resiliency is indicated by the 
steepness of the recovery curves. Suf- 
ficient recovery is present to indicate 
successful application as a gasket. 

The material has an appreciable de- 
gree of elasticity and a perfect plastic 


Pitch Line 
Velocity 
ft/min 


Table III— Theoretical Safe Working Stresses 


for Nylon Gears 


Pitch Line 
Velocity 
ft /min 


| Safe Working 
Stress, psi 


Safe Working 
Stress, psi 


500 
071 
750 
500 
000 
786 
400 


,000 
500 
000 
500 

,000 

,000 


2,250 
029 
,909 
,833 
781 
715 


memory, or ability to return to its 
original shape when heated. When a 
deforming load is removed with no 
change in temperature, there is some 
recovery. If the temperature is raised 
after removal of the load, more com- 
plete recovery is effected, and heating 
to the transition temperature (620 F) 
will restore the original dimensions. 
This property is used for making tight 
joints between Teflon and metal A 
plastic component is pressed into a 
metal assembly at low temperature in 
such a manner that it deforms. As 
the temperature in increased and the 
Teflon recovers its original shape, a 
tight joint is made. 

Solid gaskets are used with standard 
design flanges. For low pressure 
applications, 150 to 300 psi, raised 
face flanges are normally used. Higher 
pressures require a confining arrange- 
ment such as tongue and groove or a 
male and female flange. 30,000 psi 
pressures have been withstood with 
tongue and groove flanges. Table IV 
indicates temperature limits for certain 
plastics. 

In considering Teflon as a packing 


Table V— Typical Fillers for Use with Teflon 


Material Type 


Asbestos 7 M Canadian-—Fines 


Blue asbestos Blue African 


Bronze MO—8802— powder 


Calcium Fluoride Technical fluorspar 


Coke flour 


Glass fiber Chopped, milled ‘4 in. 


Graphite 
mesh 





Zircon “G” milled (gray 


less than 44 microns 


Long Stable 


GC calcined petroleum coke flour; 
55-65% through 200 mesh 


GP-38 Acheson, 98.5% through 200 


white); 


Supplier 


Raybestos Manhattan Co 
New York, New York 


Raybestos Manhattan Co 
New York, New York 


Metals Distintegrating Co., 
Elizabeth, New Jersey 


Grasselli Chemical Dept 
Du Pont Company 
Wilmington, Delaware 


National Carbon Div 
Union Carbide and Carbon Corp 
New York, New York 


Owen-Corning Fiberglas Corp 
Toledo, Ohio 


National Carbide Div. 
Union Carbide and Carbon Corp. 
New York, New York 


Titanium Alloy Mfg. Div 
Nationa! Lead Co. 
Niagara Falls, New York 


Inc 


fineness 
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material for shafts or rods, the rubbing 
speed is of prime importance. Fric- 
tional heat is developed at a slower 
rate in unlubricated Teflon packing 
than in other materials because of its 
low coefficient of friction. However, 
its low thermal conductivity retards 
heat dissipation and its coefficient of 
thermal expansion reduces clearances 
as temperature rises. 

Mechanical features that are re- 
quired for satisfactory performance of 
Teflon packings are: (1) a smooth, 
preferably ground and polished shaft 
surface; (2) small shaft gyration—not 
in excess of 0.002 in.; (3) small clear- 
ances at the ends of the stuffing box 
to prevent extrusion of the packing; 
and (4) spring loading for stuffing 


Table VI—Resistance to 
Deformation of Filled Teflon 


[Deformation* 
| Under Load 
Per Cent 


Per Cent 
Filler 
Filler by Volume 


None 0 | 25 
Coke flour 33 | 1 
Coke flour 66.7 0.5 
Asbestos 50 : 
Graphite 25 1 
Graphite | 50 1 


2 
1.3 
) 
*2,000 psi at 122 F for 24 hr. 


Table ViI—Wear Rate of Typical 
Filled Teflon 


Per Cent 
| Filler by 
| Volume 


Rate of 
Wear 
mg /hr(1) 
| و‎ 

None | 0 | 0.74 


Glass fibers plus 
pigment (2) 


Molybdenum 
powder 


Graphite 
Copper 


Molybdenum | 
disulfide | (2) 038 
| 


(1) NBS report No. 2882 (Oct. 1953). Bear- 
ings !9 in. long x \ in. ID; run on Type 303 
stainless steel shafts, 0.25 in. dia; clearance of 
0.002 in. on dia; 2,000 psi at 150 rpm; room 
temperature. 

(2) Commercial product containing 15-25 per 
cent by weight. 

(3) 85 per cent filler by weight. 


Table VIII—Thermal Conductivity 
of Filled Teflon 


Thermal 
Conductivity 
BTU /hr /sq 

| ft/deg F /in. 


Per Cent 
Filler by 
Filler Volume 
None 0 
Coke flour 66.7 
Graphite | 50 
Сгарһїїе | 74 
Asbestos 50 
Copper 50 


boxes that operate over a wide tem- 
perature range to accommodate the 
high thermal expansion. 


Filled Teflon Mechanical Parts 


Modification of Teflon with fillers, 
Table V, improves certain mechanical 
properties. In general, the addition of 
fillers increases: (1) resistance to de- 
formation under loading by a factor 
of 10; (2) resistance to wear by ro- 
tating shafts by as much as 500 times; 
(3) stiffness by a factor of 4 to 5; 
(4) thermal conductivity by a factor of 
5 to 10; (5) compressive strength by 
a factor of 3 to 4; and (6) hardness 
by about 10 per cent. 

Tensile strength is not changed 
until about a 50 per cent concentra- 
tion by volume or more of filler is 
added. Then the tensile strength falls 
off rapidly. Elongation, however, de- 
creases rapidly with small increases in 
filler. 

Impact strength is decreased with 
small amounts of filler. In many ap- 
plications, such as gears and cams, high 
impact values are required, thus low 
loading would have to be used. Com- 
pressive strength, on the other hand, 
increases with filler addition up to 
about 60 per cent and then decreases. 

Resistance to deformation under 
load is improved as shown in Table VI. 
Resistance to creep, important in ap- 
plications subjected to sustained load- 
ing, is also improved. Hardness is 
also improved by higher filler content. 

The most striking advantage is the 
resistance to wear, Table VII. Stock 
filled with silicate, glass fiber, molyb- 
denum powder and graphite show ex- 
ceptionaly good wear resistance. 

Linear coefficient of thermal expan- 
sion is lowered considerably by the 
addition of 25-30 per cent filler. 


thickness 


Deformation, per cent of 
original 
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Values approaching those of steel aad 
copper are possible with verv high 
filler content. Thermal conductivity, 
Table VIII, is increased by an appre- 
ciable amount. 

Friction coefficient varies only 
slightly between filled and unfilled 
Teflon. No scoring of steel shafts 
occurs even with hard fillers such as 
glass fibers, though more severe abra- 
sives such as zircon and carborundum 
should be avoided. 

Glass-filled Teflon has been 
successfully as bearing material with 
PV values equal to those cited for 
nylon. Operating clearances, however, 
should be at least 0.003 in. per in. of 
diameter. This is about twice the 
clearance needed for metal bearings. 
The higher clearance is needed be- 
cause of the higher coefficient of ex- 
pansion. However, bearings have been 
operated at higher clearances without 
difficulty because of the materials’ re- 
siliency and low elastic modulus. 

The coefficient of friction under cer- 
tain test conditions has been measured 
as low as 0.04. This value is inde- 
pendent of temperature up to 620 F, 
and appears to be independent of load 
provided the surface does not melt. 

In practical operation, however, thin 
films of Teflon are transferred to sur- 
faces sliding or rolling against it until 
the surface itself is coated with Teflon. 
Thus, the condition becomes one of 
Teflon sliding against Teflon. 

The static coefficient is equal to the 
dynamic value. Hence, the plastic 
does not exhibit a stick-slip type of 
motion. Further, the value for Teflon 
is lower than those of graphite or 
molybdenum disulfide (0.09-0.12) 
Consequently, low friction additives 
are not needed to enhance the friction 
properties of the material. 


used 


Time, days 


Fig. 4—In long time loading, deformation of Teflon is practically constant. 
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Table I—Typical Felt Treatments 


—et — — — — — — — — — — — — —— — te sss 


IMPREGNATIONS 





Treatment 


Asphalt (water dispersed) 
Graphite (water dispersed) 


Paraffin-petrolatum (cut parts only) 


Paraffin-graphite—petrolatum (cut parts 


Wax—Bee’s, Carnauba, Candelilla (cut parts) 


Natural rubber, Hycar, neoprene and Buna-S 


Various neutral phosphates, 


and mixtures of same. (a) 


Dihydroxydichlorodiphenylmethane, salicylanil- 
ide, sodium pentachlorophenate, copper-8-quin- 


olinolate, rosin amine D. (b) 


Various compounds of (a) and (b) above. (c) 


Wax dispersions, wax and aluminum salt emul- 
sions, wax and metallic salt compounds, alum- 


inum stearate, zirconium compounds. (d) 


Various compounds of (b) and (d) above. 


Silicofluorides: tarter emitic, dinitro-a-naphthol, 


fluorides and phenols. 


Rubber, Hycar, neoprene, Buna-S sheeting 


Aluminum or lead foil on pad felts 


Latex on one or both sides 


Rubber and starch sizing 


From: Literature Survey 


Specially Treated Felts 


THE BROAD AND EXACTING demands 
placed upon felt have necessitated that 
supplementary properties be added to 
those of resiliency, porosity, strength 
and stability. Table I lists some treat- 
ments, each designed to answer a spe- 
cific application need, that have been 
developed to supply special properties. 
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borophosphates, 
ammonium sulfamate, ammonium phosphate, 





Special Properties 


Lubrication 


I 
| Weather resistance 
| 


Waterproofing, lubrication 


Packing, lubrication 
Blocking, sealing 


Flexible stiffening and strength- 
ening 


PROOFINGS 


Flame resistance 
Fungi resistance 


Flame and fungi resistance 


Water resistance 


Moisture and fungi resistance 





Vermin resistance 


LAMINATIONS 


1/32 and 1/64 in. impervious 
septums 


Special properties of foils 


COATINGS 


Reinforcement, non-skid 


Stiff reinforcement 


Felt can be impregnated with adhe- 
sive, asphalt, graphite, paraffin, wax, 
natural and synthetic rubber, copper 
chromate and thermoplastic resins. 

One important development in the 
field of impregnations are the pres- 
sure-sensitive, adhesive-backed felts. 
These are used for sealing and gasket- 





I 


Applications 


Cowl seals: anti-squeak chassis strips 


Anti-friction lubricating pads, washers, 
oil seals 


Float-valve plunger washers, needle lub- 
ricating pads 


Marine stuffing box washers 
Polishing laps; waterproofing 


Backing and cushioning felts. 
(Type of latex dependent on conditions 
of use.) 


Aircraft, clothes dryers, decorative 


As required by conditions of use 


Acoustical and thermal insulation 


Weather stripping 


Tropical equipment 


Musical and scientific instruments; case 
linings 


Oil or water seals and washers 


Reflectant, acoustical and thermal insul- 
ating blankets 


Reinforced low grade pad felts: non-skid 
typewriter pads 


Window channels 


ing applications because when sub- 
jected to pressure, the surface adhesive 
is forced into the mass of felt fibers. 
When applied between flanges, or at 
lapped or butted joints, the felt effec- 
tively seals itself, as well as the tight- 
ened joint. These resilient felts adhere 
to most surfaces including metal, glass, 
wood and ceramics. They are not ad- 
versely affected by heat, pressure of 
the elements. 

Asphalt impregnation produces a 
felt well suited for weather sealing ap- 
plications in the automotive industry. 
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For lubrication purposes, graphite im- 
pregnated felt is a good material for 
oil seals, washers, and anti-friction 
pads. In addition, it is valuable in the 
filtering of explosive materials. For 
waterproof sealing, lubrication and 
packing applications, different kinds 
of felts are impregnated with paraffin 
or petrolatum. These are used for float 
valve plunger washers, needle lubricat- 
ing pads and marine stuffing box 
washers. Hycar, natural rubber or neo- 
prene impregnated felts are particu- 
larly useful for packing, sealing and 
gasketing purposes. Because of the 
controlled ratio of felt fiber to Latex 
impregnant, such felts afford the dou- 
ble protection of positive sealing and 
self lubrication for packing washers 
used in heavy-duty bearing seals. 

Specialized sizing treatments are 
available for practically every type of 
roll felt made and afford a wide range 
of industrial uses. The stiffening treat- 
ment, which consists of either a starch 
base, synthetic or natural resin emul- 
sion impregnant, is used to facilitate 
the handling of cut parts in assembly, 
for support of a cut part with a thin 
wall, or to permit cutting with no 
fuzzy edges. 

Proofing — another treatment — is 
used to make felts resistant to flame, 
mildew, fungi, moths and water. These 
proofing treatments appear to have no 
measurable effect on appearance, prop- 
erties or serviceability of the felt. 

There are times when an affinity for 
water is desirable. While felt is by na- 
ture absorbent, its initial wetting-out 
properties can be substantially in- 
creased by special treatment. To obtain 
wettability, a compound is built into 
the felt, thereby reducing the surface 
tension of liquids into which the mate- 
rial may later be placed. 

Felts can be laminated to increase 
their resistance to the deteriorating ac- 
tion of liquids and solvents, Table II. 
In general laminated felt materials 
appear to be superior to cork, rubber, 
asbestos and paper in some of their 
physical properties and resistance to 
various types of liquids. 

Various grades of felt can be coated 
to impart gripping action, as in felts 
used for non-skidding pads. Or, poly- 
vinyl acetate coatings are used as an 
adhesive-type backing for automotive 
channel felts where the material must 
adhere to structural parts of the car. 

Despite the many improved prop- 
erties imparted by the special treat- 
ments, conventional felt is rather 
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Table II—Properties of Felt Laminated With Various Materials 


Property 


Hardness, Shore A 
Specific Gravity, per cent..... 
Min. Tensile Strength, psi. . 


Max. Compressive Set, per cent 
(ASTM D395, B). 


Wear resistance. ... 


Temperature Range, F 
Operative....... 


Hycar 


Excellent 


— 50 to 300 | 


Buna-S Rubber 


| Neoprene 


| 
90 


2,000 


40 | 50 35 


Good Excellent | Excellent 


| 
| f = 
| —60 to 300 | —20 to 300 — 70 to 300 


| 


40 to 200 | — 50 to 200 | — 10 to 200 | —60 to 200 


Degree of resistance to: 
Water.... 


Mineral oils and greases 
Hydraulic fluids. . 
Gasoline...... 

Organic fluids..... 


Corrosive liquids and gases 


Avg 
High 
Avg 
Avg 


Low 


Table III—Comparison of Wool and Dacron 


Properties 


Breaking strength, psi.. 


Splitting resistance, 1b/2 in. width 


Wool Dacron 


Per cent strength retained after 2 days in 


moist air at 350 F..... 


limited in its resistance to heat at tem- 
peratures above 250 F and in its re- 
sistance to chemical environments. To 
overcome these limitations and the 
need for special treatment, a com- 
pletely synthetic heat-resistant felt has 
been developed by Du Pont. The mate- 
rial consists of Dacron polyester fibers 
that have been combined by a special 
process to produce a structure similar 
to wool felt. 

Tests indicate the polyester felt out- 
performs wool felt 3 to 1 in breaking 
strength, 2 to 1 in splitting resistance 
and 16 to 1 in retention of strength 
after two days in moist air at 350 F, 
Table III. It has good resistance to 
acids and alkalis, high deformation re- 
covery, good abrasion resistance, good 
dimensional stability and good uni- 
formity. It is also non-swelling, unaf- 
fected by mildew and microorganisms, 
and it can be easily cleaned. 

Synthetic fibers, however, have 
neither the interlocking tendency nor 
the surface action that causes wool or 
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fur felt to become more tightly en- 
tangled with continued mechanical 
working. Only wool and fur fibers have 
the ability to interlock and form a felt. 
This difficulty is overcome by stitching 
the synthetic material together with its 
own fibers. In this process, batts of the 
fibers are run through a needle loom. 
In the loom, barbed needles pick up 
fibers from one side of the batt and 
carry them through to the other side to 
form a stitch. 

The stitched batts are then com- 
pacted by exposure to a dry heat at 
300 to 400 F or by immersion in boil- 
ing water. When exposed to heat, the 
fibers shrink 30 to 50 per cent. Shrink- 
age can be controlled to produce felt 
of any density. The amoun: of needle 
punching and the weight of the carded 
batt are also controlled to obtain fin- 
ished synthetic felt of a desired qual- 
ity. First use of the synthetic felt mate- 
rial is likely to be in the filtration of 
corrosive liquids and gases in high 


temperature applications. 
C27 





Now...there are TWO 
to help you design 


AN ALL-PURPOSE ELASTOMER WITH BALANCED RESISTANCE 
TO ALL CAUSES OF RUBBER FAILURE 


VIBRATION MOUNTS GASKETS AND PACKING FLEXIBLE DRUMS 


stands flexing, will not chip or crack, will not 
propagate flame. Neoprene has good resistance 
to ozone . . . retains flexibility and resilience 
throughout a long service life. 


NEOPRENE has been put to work by design en- 
gineers in thousands of applications. And every 
day sees more and more new uses because neo- 
prene has all of the advantages of natural rub- 


ber plus high resistance to the many enemies of 
natural rubber. 

Neoprene, Du Pont’s chemical rubber, resists 
deterioration from sunlight, heat and weather- 
ing—oil, grease and most chemicals. It with- 


These superiorities are the reason why design 
engineers have specified neoprene for thousands 
of products from hose and cable jacketing to 
belting, gloves, shoe soles, gaskets and a wide 
range of molded and extruded parts. 


WANT MORE INFORMATION ON NEOPRENE AND "HYPALON'? 


The coupon at right will bring you regular mailings 
of the free ‘““Neoprene Notebook’’—a close-up of 
neoprene at work in many industrial products. You'll 
also receive a free bulletin on "Hypalon," describ- 
ing its unusual properties and applications. Both 
publications are valuable additions to your reference 
file on elastomers. Mail coupon today! 
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Du Pont Elastomers 
more durable products 


HYPALON 


A SPECIAL PURPOSE ELASTOMER WITH EXTRA HIGH RESISTANCE 
TO HEAT, OZONE, CHEMICALS AND DISCOLORATION 


RESISTANCE TO CHEMICALS 


SPARK PLUG BOOTS TANK LININGS WINDOW SEAL STRIP 


"HYPALON" —Du Pont's new chemical rubber and can resist deterioration at temperatures in 
—opens up still newer horizons for the design the range of 250° to 350°F. No other elastomer 
engineer interested in resilient materials. The can match "Hypalon" in resistance to oxidizing 
resistance of "Hypalon" to all causes of deteri- chemicals. It has superior color stability over a 
oration under severe conditions is outstanding. wide color range. In addition, "Hypalon" also 
Also, "Hypalon's" unusual stability makes it has excellent resistance to oil, grease, abrasion, 

ideal for use when premium performance is re- flame and flex-cracking. 
quired. Current uses for "Hypalon" include hose, 
"Hypalon" is completely unaffected by ozone coatings for fabric, rubber, wood and metal; 
gaskets, tank linings; molded and extruded parts. 


E. I. du Pont de Nemours & Co. (Inc.) 
Elastomers Division, Dept. PE-56 
Wilmington 98, Delaware 


Please send me the ‘Neoprene 
Notebook” regularly. Name 


Firm 
Please send me your bulletin Address 
on “Hypalon.” 
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| Laminated Plastic 


to improve the design 
and performance 
of your produet 
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NATIONAL 
VULCANIZED 
FIBRE 


National Vulcanized Fibre is a converted cotton cellulose 
vith a tough, dense, homogeneous structure. This bone-like 
material has great mechanical and dielectric strength 


coupled with excellent machining and forming qualities, 
and lightness in weight. 


Vulcanized Fibre is manufactured in many grades and 
forms with various degrees of hardness, flexibility, 
resilience, drawing and punching qualities. These 

properties may be modified te meet new conditions, needs 
and uses— making vulcanized fibre one of the most useful 
and versatile engineering materials available to 

the industrial designer. 


PHENOLITE 
LAMINATED 
PLASTIC 


Phenolite Laminated Plastic is a high pressure laminate 
composed of various base materials and thermosetting resins. 
Fibrous materials, such as paper, cotton fabric, nylon, 
asbestos, glass fabric, are impregnated with phenolic, 
melamine or silicone resins. The impregnated sheets are then 
stacked to the desired thickness and bonded under high 
temperature and pressure to form a hard, compact, infusible 
material. This material combines exceptional toughness 

and moisture resistance with lightness in weight and excellent 
electrical properties. It is manufactured in many standard 
and special grades, each grade with a unique combination of 
mechanical, electrical and chemical properties. The 
modification range of Phenolite in the selection of base 
materials and resins is so extensive that its application as an 
engineering material is practically unlimited. 
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athletic safety equipment 

Easily formed to make safe, shock-proof 
helmet crowns, shields, cups, and other 
light-weight, protective guards. Tough 
with high impact strength, withstands re- 
peated blows without cracking, denting or 
losing shape. 


High dielectric strength coupled with 
toughness and excellent forming proper- 
ties. Has ideal application as insulation in 
electrical equipment. 


circuit breaker arc chute 


Safely curbs electrical arcing without 
carbonizing or tracking. Easy to bend, 
punch and form. Light in weight with 
great resistance to heat, shock and 
abrasion. 


power transformer coils 


Combines excellent dielectric properties 
and structural strength with high resist- 
ance to heat, moisture and corrosion. 
Efficiency under full voltage is unim- 
paired by high temperature and severe 
moisture conditions. 


transmitter coil form 


Special glass base laminates possess ex- 
cellent heat and flame.resistance up to 
continuous temperatures of 400° F. Have 
good arc resistance and flame retardant 
properties . . . great strength and high 
dimensional stability. 


gears 


Makes excellent gear material because of 
its lasting resiliency, great compressive 
and tensile strength, quietness of opera- 
tion and resistance to wear. Light in 
weight and moisture resistant. Will resist 
oils and greases—can be machined to 
close tolerances. 
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rail joint insulation 
Withstands years of continuous exposure 
and heavy pounding of today’s high-speed 
railroading. Has excellent insulating char- 
acteristics coupled with outstanding me- 
chanical properties. Will not corrode or 
deteriorate. 


sample cases 
Weighs half as much as aluminum, has 
great strength and scuff resistance. Will 
not crack, splinter, dent or corrode. Color 
is an integral part —can't chip or wear off 


backing for abrasive discs 
Withstands repeated, high speed flexing 
without failure. Light in weight, vulcan- 
ized fibre possesses proper rigidity with 
high tear strength and excellent gluing 
properties. 


chrome-plating barrel 
Chemical-resisting grades are unaffected 
by most corrosive fluids and atmospheres, 
acids, oils, alkalis, solvents and salt 
solutions. Retain high strength, resiliency 
and dimensienal stability—even under 
severe chemical service conditions. 


oil circuit recloser 
New paper base polyester-melamine 
Phenolite not only has excellent arc re- 
sistance but superior machining qualities 
as well. Is easily punched, sawed, drilled, 
turned and milled to close tolerances. 


printed circuits 


Printed circuits made of Copper-Clad 
Phenolite simplify production, reduce 
assembly time and eliminate errors. Low- 
loss insulating properties coupled with 
ease of fabrication provide many compact 
design possibilities. Effectively resists 
heat and moisture. 





PROTECTION 


Here are paper applications 
Mosinee helped develop for three industries — 


Good tin: they may suggest new uses for you! 


PRODUCTION 


Tem 


Mosinee interleaving paper- 
na v. protect mirror-finish stainless 
steel. The presence of any foreign ma- 

terials or surface imperfections would 
mar or scratch the metal's highly pol- 
ished surface. Mosinee, through highly 
developed chemical and quality con- 
trols, produces these special papers with 
the required uniform properties, 


Special Mosinee masking papers 
increase auto painting efficiency, 
reduce costs. These papers must have 
specific, controlled physical properties 
including high density and absolute f ree- 
dom from pin holes to prevent paint 

enetration. Mosinee ‘know how’ 
helped develop papers for this special 
application. 


INSULATION 

HESE applications are typical of the many instances in which 
Mosinee paper experts have cooperated with industry to de- 
velop special analysis papers to perform specific jobs. If your work 
involves costly or troublesome packaging .. . protection . . . in- 
sulation ... lamination . . . fabricating . . . or processing — a 
specialized Mosinee paper may provide the answer you've been 

looking for. 
For details on how to do the job better with papers by Mosinee, 


see your representative, or write — 


MOSINEE PAPER MILLS COMPANY 


Dept. PE. © MOSINEE, WISCONSIN 
Flame-resistant paper by Mosinee 
makes good insulation better — safer. 
In this case, Mosinee flame-resistant paper is 
produced for the manufacture of home insula- 
tion bats. This exclusive Mosinee process may 
also be used with many types of paper for 
other products and may suggest a solution to je alist In industrial —— — 
your problem. makes fibres work for industry 
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For precise 
forming... 


They give you formed parts with all the 
serviceability and eye-appeal of plas- 
tics plus highly accurate dimensions. 
For example, the price tags above 
come in a variety of colors or are printed 
with photographs in four colors, per- 
fectly registered. Glossy surfaces en- 
hance their appearance. Slots in the 
tags accommodate changing prices. 


The contour relief map gives terrain 
details in three dimensions. It’s printed 
flat, then formed. Peaks, valleys, and 
other features are shown in their proper 
position. The map is smooth, tough, and 
durable. Pencil marks can be erased. 

Fabrication is neat and easy with 
BAKELITE Rigid Vinyl Sheets because 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation Mda 30 East 42nd Street, New York 17, N. Y. 


сее apop orhe 
Teee 
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Molded contour map made by Aero Service Corp., Philadelphia 20, Pa. 


é 
* 


pe: 
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"Eye-Catcher Holder" Price Tags made by The Hopp Press, Inc., New York 1, N. Y. 


Look at the design possibilities in BAKELITE Brand Rigid Vinyl Sheets! 


they’re so uniform in size, thickness, 
and properties. Rejects stay gt a mini- 
mum. That's why these sheets are be- 
ing used for such a variety of jobs— 
luminous ceilings, price tags, three- 
dimensional signs and drafting instru- 
ments. They're light and tough, with- 
stand handling, chemicals, oil. A damp 


cloth cleans them. They resist warping, 
cracking, and aging. 

You can get BAKELITE Rigid Vinyl 
Sheets in a range of widths and thick- 
nesses — clear transparent, or colored 
translucent or opaque. They may help 
your product design — saleswise and 


functionally. Write for information to 
Dept. KD-145 


BRAND 


Rigid Vinyl Sheets 


The term Bake tre and the Trefoil Symbol are registered trade-marks of UCC 
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The range of CAMPCO applications is almost unlimited — from toy boats like this 


Tia i Gampo. 


1634 "-long model, to refrigerator door liners, nearly four feet high. 


SPECIFICATIONS of CAMPCO Vacuum Forming Sheet 


SIZES: 

Width: 20" to 40”. 

Length: any desired, in !" 
increments. 

Gauges: .005" to .125", 


COLORS: 
Full range, translucent or opaque. 


FINISHING: 

CAMPCO may be blocked, punched, 
sawed, and sheored. Usually, 
conventional sheet metal equip- 
ment will work with little or no 
modification 


SURFACE FINISHES: 

GM: One surfoce porceiciniike — 
the other matte. 

PM: one surfoce polished — the 
other matte. 

MM: Both surfaces matte. 


CHEMICAL RESISTANCE: 

Good resistance to alkalies, salts, dilute mineral 
acids, lower alcohols, water, alcohols at room 
temperature. Fair resistance to minerals, vegetable 
oils, gasoline, ethyl alcohol, oxidizing acids, many 
essential oils. Not recommended for ketone, glacial 
acetic acid, chlorine, benzine water, some essen- 
tial oils, acetone, toluene, MEK, carbon tetrachio- 
ride and benzene. 


WEATHERING: 


CAMPCO's stability to light is very good; however, 
exposure to outdoor weather and sunshine over long 
periods is not recommended. 


AVAILABLE TYPES: 


CAMPCO is available in regular and extra-high im- 
pact sheet. If you need heovy-duty sheet, let us 
know the nature of your requirements. 


CAMPCO pivision 


of CHICAGO MOLDED PRODUCTS CORPORATION 


2731 NORMANDY AVENUE, CHICAGO 35, ILLINOIS 
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CAMPCO is a rugged, brilliant, 
lightweight sheet that’s perfect for 
the most intricate vacuum forming 
techniques. Its gleaming finish is 


made even better during forming. 


CAMPCO is produced by an 
exclusive process that results in 
exceptional finish, impact strength, 
high dimensional stability and 
heat resistance, and low moisture 
absorption. Also available with 
matte finish. Takes applied colors 
beautifully. Applications range 
from 3-D displays to refrigerator 


door liners to model airplanes. 


CAMPCO’s low cost and easy-to- 
form properties will fit into your 
plans, too. Write today 

for full details. 
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creates NEW products by 


LIGHT SOCKET made dust and moisture proof by 
chem-o-sol. Rigid standards of automotive industry 


are met here. 


ELECTRIC COIL quickly and economically coated 
with chem-o-sol possessing high dielectric properties. 


DOOR TRIM PANEL CLIP has integral gasketing 
unit of chem-o-sol for sealing out water. 


SCREENING that won't stretch, sag, corrode, stain 
or support combustion, made of Fiberglas yarn coated 
with chem-o-sol. 


FISHLINE coated with chem-o-sol is water-proof, 
attractive, will continue to float without dressing. 


SEALING CORD made of heavy Fiberglas yarn 
coated with chem-o-sol provides weatherproof seal 
for conduit cable after heat applicafion. 


DRUM lined with tough, flexible chem-o-sol pro- 
tects sensitive dyes from steel contamination, steel 


from corrosive acids. 


..and by casting, pressure forming or spreading. A manageable liquid 
vinyl dispersion, chem-o-sol is individually formulated for each application. 
It is easily converted from its 100% solids liquid vinyl state to a tough, 
flexible solid by the application of heat. Chem-o-sol is resistant to all kinds 
of chemicals, acids and alkalis; petroleum products; water and salt. 


Our large staff of chemists is constantly developing new applications for chem-o-sol, improving 
old products and planning new ones. 


Complete information on chem-o-sol on request. Write for Bulletin 141. 


d Che micel @roducts 
KING PHILIP ROAD + EAST PROVIDENCE, R.I. 
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HOW TO GAIN : 2 
40 Years of Experienc 


in surface treatments for metals 


You may not have had the time or necessity 
to build a store of knowledge and experience 
in surface treatments for metals. But when 
the need arises, you can quickly apply 
against your problems the collected expe- 
rience of 40 years in this field by getting in 
touch with Parker Rust Proof Company. 


OVERNIGHT... 


Parker has made surface treatments for 
metals its sole concern since 1915. Parker 
has initiated most of the advances in the 
field, has pioneered and developed new 
areas of service. Parker Products set the 
standards of quality and performance. 

When you want expert help and out- 
standing products, call in Parker! 


PARKER PRODUCTS 


Bonderite 


. . corrosion resistant paint base. Anchors 
paint and retards corrosion on steel, aluminum, 
zinc and cadmium. Prolongs fine appearance 
of finest painted metal products. 


Bonderite and 
Bonderlube 


. . aids in cold forming of metals. A com- 
bination which has extended the usefulness 
and application of cold forming through more 
efficient and effective lubrication. 


Parco Compound 


. . . rust resistant. Used on a wide variety 
of iron and steel products to provide high 
resistance to corrosion. May be finished with 
stains, waxes, oils, or paint. 


Pareo Lubrite 


. wear resistant for friction surfaces. 


Promotes smooth break-in, prevents scoring, 


1915 


lengthens subsequent life of wearing parts 
such as gears, rings, valves, pistons, liners, 
pumps and shafts. 


Parker Pre-Namel 


. . pretreatment for porcelain enameling. 
Treatments for aluminum and ferrous metals 
eliminate ground coat and improve adhesion 
of porcelain enamel. 


Pareo Cleaners 


. a line of special alkali, acid and emul- 
sion type cleaners which remove soil and 
condition the metal to produce fine-grained 
Bonderite coatings at reduced cost. 


Maintenance Paints 

. . . The Tropical Paint division of Parker 
has supplied industry with heavy-duty main- 
tenance paints since 1883. 


*Bonderite, Bonderlube, Parco, Parco Lubrite, 
Parker Pre-Namel—Reg. U.S. Pat. Off. 


И) РАНКЕ 
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RUST PROOF COMPANY 


2159 E. Milwaukee, Detroit 11, Michigan 


Product Design Handbook Issue 





БЕТЕ 


PROPERTY AND APPLICATION’ DATA ON THESE 


VERSATILE ENGINEERING MATERIALS: '*ZYTEL," 
“ALATHON,” “TEFLON,” “LUCITE.” 


у 


New Idea in Construction of Pressure- Tight 


Bearings: Self-Lubricating Du Pont TEFLON 


I 
| 
| 
| 
| 


“Teflon” is strong enough 
to withstand heavy 
pressure—pliable 
enough to prevent leakage 


“TEFLON” tetrafluoroethylene resin 
solved a design problem for a 
manufacturer of instruments meas- 
uring differential pressure. The in- 
strument manufacturer reports that 
these bearings of “Teflon” (see 
cutaway view) readily withstand 
working pressures involved. ''Tef- 
lon" is resilient enough to prevent 
leakage, by close conformation to 
the stainless-steel shaft. The low- 
friction characteristics of “Teflon” 


permit easy operation without lu- 
brication, and prevent freezing. 
Bearings of “Teflon” will not 
cause pitting of the shaft. 
Chemically inert 
“Teflon” tetrafluoroethylene res- 
in is inert to all chemicals nor- 
mally found in industry. Only mol- 
ten alkali metals, and fluorine at 
elevated temperatures and pres- 
sures, have any effect on this ma- 
terial. Chemical inertness, com- 
bined with a working temperature 
range that extends from —450°F. 
to 500°F., demonstrates the amaz- 
ing versatility of Du Pont * Teflon". 
Can you use this resistance to 


Diagram of a high-pressure flow measuring instrument, manufactured by the Taylor Instru- 
ment Companies, Rochester, New York. Bearings of Du Pont "Teflon" tetrafluoroethylene 
resin (in red) prevent leakage and hold friction to a minimum. 


MECHANICAL PROPERTIES OF MOLDED DU PONT “TEFLON” 


PROPERTY 


Tensile strength, 73°F. 
Elongation, 73°F. 
Flexural strength, 73°F. 
Stiffness, 73°F. 
Impact strength, Izod, —70°F. 
74°F. 
170°F. 
Hardness, Durometer 
Compressive stress at 17; deformation, 73°F. 
at 1% offset, 73°F. 
Coefficient of linear thermal expansion per °F; 
Thermal conductivity, 0.18 in. 


Specific heat 
Deformation under load 
122*F., 1,200 Ib./sq. in., 24 hrs. 


aT ER nds na санае це ноб 


Heat-distortion temperature 
66 Ib./sq. in. 

Water absorption 

Flammability 

Specific gravity : 

Resistance to weathering 


Static or kinetic coefficient of friction against polished steel. .. .. ............ ...... 


*Various methods used. 


GCF). 


METHOD 


1,500-3,000 p.s.i. | D638-52T 
100-200; 

did not break 
50,000-90,000 p.s.i. 
2.0 ft.-Ib./in. 

3.0 ft.-Ib./in. 

6.0 ft.-Ib./in. 
D50-D56 

600 p.s.i. 

1,000 p.s.i. 

5.5 x 10- 

1.7 B.T.U./hr./ 
sq./ft./°F./in. 

0.25 B.T.U./Ib./^F. 


4-87 D621-51 
25% D621-51 


D695-52T 
D696-44 


Cenco-Fitch 


D648B-45T 
D570-42 
D635-44 
D792-50 


* 


pressure, abrasion, corrosion and 
temperature extremes in your op- 
eration? For complete property 
and test data on “Teflon” tetra- 
fluoroethylene resin, clip and mail 
the coupon on the next page. 


The case and diagnostic instrument shown 
above utilize two Du Pont engineering ma- 
terials. The one-piece case is molded of light- 
weight “Alathon” polyethylene resin; spec- 
ula for the instrument are molded of durable 
“Zytel” nylon resin. (Otoscope tips and case 
molded by Auburn Button Works, Inc., 
Auburn, New York, for Weich Allyn, Inc., 
Skaneateles Falls, New York.) 


One-piece instrument 
cases are molded of 
lightweight, flexible 
Du Pont ALATHON® 


A FEATURE in this smartly tailored case 
for diagnostic instruments is its one- 
piece construction of *Alathon" poly- 
ethylene resin. Due to “Alathon” and its 
exceptional moldability, the case can be 
made with an integral hinge, 
overlapping fasteners and 
molded tab ends to insure dust- 

free storage. It is also exception- 
(Continued, 3rd column next page) 
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PROPERTY AND APPLICATION DATA ON THESE 


VERSATILE ENGINEERING MATERIALS: “ZYTEL,” 
“ALATHON,” “TEFLON,” “LUCITE.” 


NO. 7 


Long-wearing dishwasher 


brush handle molded 


of ZYTEL*® nylon resin 


A SURGE of aerated suds or clear water 
pours from this dishwasher at the press 
of a button. This unique labor-saver 
uses a handle of Du Pont “Zytel” nylon 
resin, which the manufacturer specifies 


for several important reasons. 

“Zytel” can be molded economically, 
assembled easily. It is attractive, light in 
weight, resists moisture, corrosion and 
breakage. And because “Zytel” is a low 
conductor of heat, the handle can be 
grasped comfortably. 

For complete information on the 
properties of “Zytel” nylon resin, use the 
coupon below. 


This unique dishwasher uses a 
handle of "'Zytel" nylon resin. 
Du Pont “Zytel” is attractive in 
appearance, resists corrosion and 
won't conduct heat readily. (Dish- 
washer manufactured by the Man- 
ville Manufacturing Corporation, 
Pontiac, Michigan.) 





Investigate Du Pont 
engineering materials in your 
product development programs 


One of the family of these versatile en- 
gineering materials is often a key factor 
In prouuct improvement or new design. 

The wide range of properties available 


with *Alathon"* polyethylene resin, 
*Lucite"* acrylic resin, *Teflon"* tet- 
rafluoroethylene resin, and "Zytel"* 
nylon resin are helping solve industrial 
design problems. 

CLiP THE COUPON for additional data 
on the properties and applications of 
these Du Pont engineering materials. 


Room 1010, Du Pont Building, Wilmington 98, Delaware. 
in Canada: Du Pont Company of Canada, Ltd., P. O. Box 660, Montreal, Quebec. 


Please send me more information on the Du Pont engineering materials 


checked: [] “Zytel”; [] ‘‘Alathon’’; [] “Teflon”; [[] “Lucite”. I am in- 


terested in evaluating these materials for: 
NAME " 
COMPANY 

STREET 

تنب 

TYPE OF BUSINESS 


*" Alathon", "Lucite", "Tefion" ond "Zytel" 


. 


POSITION — 


are registered trade-marks of E. I. du Pont de Nemours & Co. (Inc,) 


і 
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*LUCITE" acrylic resin can be utilized for 
many unusual decorative effects. For ex- 
ample, the Dodge Division of Chrysler 
Corporation was looking for a durable ma- 
terial, adaptable to superior styling, to cover 
their sales album. The album, which won 
several art awards, employed a cover of 
Du Pont “Lucite”. This beautiful material 
has excellent impact strength, retains its 
sparkling clarity for years. It is economically 
fabricated by several efficient techniques. 
(Cover molded by Kent Plastics Corpora- 
tion, Evansville, Indiana.) 


One-piece instrument 
cases (continued) 


ally light in weight. (*Alathon" has а 
specific gravity of 0.92—one of the 
lightest of commercially available resins.) 

"Alathon" polyethylene resin is cor- 
rosion-resistant and offers many advan- 
tages other materials. The 
won't rust, won't be affected by standard 
germicides used for washing or steriliz- 
ing. *Alathon" has a low rate of water 
absorption and exhibits excellent form 
stability over a wide temperature range. 
These chemical and physical properties 
remain unchanged with age. 

Here is a versatile material for indus- 
trial, packaging, and electrical applica- 
tions. Can *Alathon" polyethylene resin 
improve your operation? Use the coupon 
on this page for property information. 


over case 
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PAPER IS AS MUCH OF A WONDER PRODUCT 


AS MANY OF THE NEWER MATERIALS 


Very likely there is at least one place in your product where a special paper could do a 


better job ol 


. Or as good a job at less cost... 


than the present material. The limitations 


of the use of papers are determined only by your imagination. 


Applications. Many applications find 
special kinds of papers ideal for such ex- 
tremes as barriers (to electricity, liquids or 
gases, for example), or as filters (for liquids 
Or gases). 

Special Properties: Papers with 


special properties, made by Hollingsworth 


and Vose., have provided the solution to a 


design or production problem for many of 


this country’s well-known manufacturers. 
What sort of properties? An almost un- 
limited range. For example: properties like 
density, porosity, rigidity, heat resistance, 
wet strength, wetability. Papers can be 
made as soft as fabric or as hard as wall- 


Ix ard. 


HOLLINGSWORTH & VOSE 


Fibers. Our experience and facilities 
for blending different fibers and impregnat- 
ing papers to get special qualities are at 
your service. We have worked with jute, 


flax. sisal, cotton, esparto, asbestos, etc. 


Experimental Lots. Small experi- 


mental lots to meet your particular specifi- 
cations can be produced quickly and at 
a relatively small cost. 

Don’t overlook the possibility that there may 
be at least one placein your product where a 
spec ial paper can do a better job, Or as good 
a Job at less cost, than the present material. 
Our engineers, research laboratory and more 
than 100 years of paper- making experience 


are available to help you. Write today. 


COMPANY 


EAST WALPOLE, MASSACHUSETTS 
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NEW DU PONT 


THIS UNIQUE 


. 
| "ARD 
/ ALUMINUM 


STRESS, P$! 11075 
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20 80 


STRAIN % ELONGATION 


Tensile stress-strain curve for “Mylar” polyester film. 
This is a typical “Mylar” stress-strain curve measured at a 
constant rate of elongation (100% per minute) on an Inston 
T'T-B Tensile Tester. '"Mylar'' is the strongest of all plastic 


film. 


Motor insulation that's 7 times tougher—a 
complete new insulation system for form- 
wound coils uses new Du Pont “Mylar” in 
combination with “Dacron” polyester fiber 
and varnishes. The remarkable tensile and 
dielectric strengths of “Mylar,” plus its un- 
usual thermal and chemical properties, are 
essential to the superior performance of the 
new insulation system. 


REG U S PAT OFF 


~ 
v 


З 


TENSILE STRENGTH, P$! x 107-3 
5 


0 о 20 


For precision drafting, scribing and repro- 
duction work, this specially coated film uses 
Du Pont “Mylar” as the base. “Mylar” is 
extremely tough, flexible, transparent, free 
from fibers, not affected by age, and dimen- 
sionally stable, insuring exact register at all 
times. Thestrength and flexibility of ““Mylar”’ 
also make for easy handling, shipping and 
storing. 


COMBINATION OF 


[ 


TRANSITION 


TEMPERATURE 


e 100 140 180 260 
TEMPERATURE °С 


Thermal stability of “Mylar.” Above is chart showing 
change of tensile strength with change in temperature. One 
of the outstanding characteristics of “Mylar” is that its 
physical and mechanical properties are retained over a wide 
temperature range. 


Interior design improvements in late-model 
cars are made possible by Du Pont “M ylar.” 
This new, remarkably strong plastic film is 
metalized, bonded to other materials, and 
embossed, to make a glittering variety of 
tough, decorative side-door-panel inserts, 
seat-welt trim, package-tray covers and kick 
panels. And designers estimate the cost of 
these new panels is only 40% of the cost of 
the materials replaced! 


MYLAR 


POLYESTER FILM 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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PLASTIC- 
IMPACONATEO 
PAPER 


i 


WAX iMPREGSNATEO 
PAPER 


INSULATION RESISTANCE, MEGOHES K MICROFARADS 


0 120 
TEMPERATURE °C 


Variation of insulation resistance with temperature. 
Comparing ‘“‘Mylar’’ with other commonly used commervial 
dielectrics, reveals the outstanding insulation resistance of 
this new film over a very wide temperature range — —60°C. 


to 150°C. 


PRODUCT IMPROVEMENTS 


No limits now on the use of metallics in any 
fabric! Metallic yarns made from “Mylar” 
are non-tarnishing, can be used with any 
fabric . . . permit machine washing, dry- 
cleaning, dyeing, ironing. Costs run lower, 
too, because of the high yield per pound of 
“Mylar.” These new yarns are offered by 
leading manufacturers of metallics. 


HOW ABOUT YOUR PRODUCT? 


Above are listed only a few of the properties and appli- 
cations of new Du Pont “Mylar” polyester film. This 
glimpse of the engineering possibilities opened by “Mylar” 
may stimulate you to consider this new plastic film for 


your own product. For detailed information on the proper- 
ties of “Mylar” and the ways which industry has used it 
to improve products and cut costs, mail the coupon. Let 
us know what applications you have in mind. 


"MYLAR* POLYESTER Fiun 


Improved magnetic recording tape made 
with “Mylar” is offered by leading tape 
manufacturers. The high tensile strength of 
“Mylar” permits thinner and stronger tapes. 
Exceptionally resistant to moisture and tem- 
perature extremes, the new tape is longer- 


lasting . . . easier to store. It also offers 
outstanding dimensional stability. 


Film Department, 
ester film 


Name 


Company 
Street 


City 
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E. I. du Pont de Nemours & Co. (Inc.) 
Room 1PD, Nemours Bldg 


Please send me sample and further information on “Mylar” poly 


TENSILE STRENGTH 
ILOS 7S0 IN)? 


PE OS CS MS TU E 


Effect of heat aging at 100°C. in silicone 200 oil. These 
three charts show the slight property changes of “Mylar” 
under accelerated aging conditions. This is one example of 
the remarkable resistance of “Mylar” to thermal degradation. 


Increased production up to 46% is reported 
for switchboard-wire-insulating machines 
using “Mylar.” This amazing film has one- 
half the thickness but twice the tensile 
strength of the material formerly used—and 
tests show a three-to-one improvement, after 
humidity exposure, for the insulation made 
with “Mylar.” What’s more, it reduces the 
outside diameter of the finished wire by 
approximately 5 mils 


, Wilmington, Del 





MYCALEX"' 


GLASS-BONDED MICA 


For more details 

on this exciting material 
and its application to your 
design problem, write to 
General Offices and Plant: 
Department 66A 

Clifton Boulevard 

Clifton, N. J. 


TIC designers are typical of the hundreds 
of electrical and electronic engineers who 
have discovered the outstanding qualities 
of Mycalex. Important Mycalex properties 
include: 


* ow electrical loss factors 
MYCALEX 


* high dielectric strength CORPORATION 


permanent and absolute OF AMERICA 
dimensional stability 


impervious to water, oll 
and organic solvents 


very high arc resistance 
with complete freedom 
from carbonization 
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Superior 
grades of 


ceramoplastics 


Supramica ver paste printe t 
500 t Supramica 500 


Supramica | CT t Supramica 
555 | 


Total and permanent dimensional stability 
Low electrical loss 


High dielectric strength & 
1 m 
Resistance to radiation Б 
м 
impervious to water, oil and organic solvents 


Unequaled arc resistance 


For complete data on this SINCE 1919 

remarkable basic material write: CALEX. 
® 

Mycalex Corporation of America HE INSULATOR 

General offices and plant, Dept. 66A 

P. 0. Box 311, Clifton, New Jersey 
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ИШ PLASTIC MOLDING 


to critical engineering specifications 


American Insulator specializes in molding precision plastic parts 
that reduce final assembling and finishing costs for manufacturers. 


Since 1916, Aico molded plastics have helped many of America’s 
leading industries attain product improvement, quality refinement 
and reduction of manufacturing costs. Aico precision molded 
plastics are easily adapted to new or existing designs, and can be 
molded to the most critical tolerances. Aico offers you 3 valuable 
guides that let you decide, in the privacy of your own office, if you 
should convert your product to plastics. They're free . . . send 
coupon for your copy today. 


Can Aico Molded Plastics Help You? 


Send for these free guides . . . then, YOU decide. 


PS ы, 


` 


AICO PLASTICS APPLICATOR . . . 
tells at a glance which plastic is best 
suited for your product, and how it 
should be molded. 

AICO FACILITIES BOOK .. . describes 
equipment needed to provide a com- 
plete molding service. A valuable guide 


to selecting a single, fully-equipped 
molder. Tells how to avoid annoyance 
and waste of split responsibilities. 
REINFORCED PLASTICS BOOK... 
tells all about these amazing new ma- 
terials that are strong as steel—light 
as aluminum. 


AMERICAN INSULATOR 


CORPORATION 
NEW FREEDOM, PENNSYLVANIA 


A complete plastics molding 
service including engineer- 
ing, mold building, com- 
pression, transfer, injection 
ond cold molding plus the 
molding of reinforced 
fiberglas. 


NAME 
TITLE 


Send me the Aico literature checked [C] Aico Plastics Applicator 
Г] Reinforced Plastics Book 


O Aico Facilities Book. 


— 
Eg COMPANY 


ADDRESS 


C44 


(O-2) FELT PRODUCTS— Brochure, 20 
| 


Catalogs 
an 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 
(O-1) ELECTROLYTIC NICKEL Pow 
DER—Specification Sheets PMS 30, 31, 
32, 33, and 34 list chemical and 
physical properties of five grades of 
nickel powder. Plastic Metals Div., 
Johnstown, Pa. 


pp, describes uses of felt, with par- 
ticular emphasis on mechanical appli- 
cations. Felters Co., 210 South St., 


Boston 11, Mass. 


(O-3) Grass PRODUCTS — Catalog 
80-20, 4 pp, describes stock precision- 
bore glass products in quartz and glass 
with internal diameters controlled to 
within +0.0002-in. Fischer & Porter 
Co., 379 Jacksonville Road, Hatboro, 
Pa. 


(O-4) VULCANIZED FIBER—Catalog 
DVF-55, 10 pp, gives technical in- 
formation and various specification 
tables. Continental - Diamond 
Co., Newark, Del. 


Fibre 


(O-5) TooLriNG RESINS— Brochure, 
8 pp, describes epoxy resins used for 
aircraft, automotive and commercial 
tooling and foundry patterns. Furane 
Plastics, Inc., 4516 Brazil St., Los An- 
geles 39, Calif. 


(O-6) Fusep SILICA  PRODUCTS— 
Folder, 4 pp, describes tubing, shapes, 
fittings, containers. Amersil Co., Inc., 


685 Ramsey Ave., Hillsdale 5, N. J. 


(O-7) PLASTIC STRUCTURES AND 
PrPE— Bulletin, 8 pp, describes the use 
of polyvinyl chloride in the fabrica- 
tion of exhaust systems, process equip- 
ment and processing tanks. Also in- 
cluded is a section on plastic pipe and 
fittings. Atlas Mineral Products Co, 
Mertztown, Pa. 
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1 ow many plastics does your product need? 


Are you sure it’s getting all the performance and sales ad- 
vantages that the right plastics can offer? How up-to-date 
is your knowledge of plastics? How many of the newer plas- 
tics are you familiar with? 

Best way to learn whether plastics can improve your 
product — and which plastics will do it best — is to get expert 
advice from Bakelite Company. 

Bakelite Company offers the greatest variety, has the 
largest resources, for plastics keyed to your needs. These 


Here's a list of BAKELITE 
plastics and resins de- 
scribed in this compact, 
easy-to-read booklet 


Polyethylenes 
Phenolics 


Vinyls 


co 
eu 
e) 


Epoxies 
Styrenes 

Impact Styrenes 
Polyesters 


Acrylonitrile-Styrenes 


materials cover a range of forms and fabricating techniques 
— molding, extrusion, laminating, coating, bonding, calen- 
dering, reinforcing. Their properties include electrical, me- 
chanical, decorative, structural, and protective advantages. 
You'll find the new 1956 BakELrrE Condensed Reference 
File a helpful guide. Other publications, giving technical 
data on the material in which you're most interested, are also 
available. And experienced Bakelite Company technical rep- 
resentatives are at your service. Just write Dept. JW-145. 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [I[Q8 30 East 42nd Street, New York 17, N. Y. 
In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 
The term BaxkLirrE and the Trefoil Symbol are registered trade-marks of UCC 
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another phase of Auburn's 
one-stop plastic molding service... 


In addition to molding plastic 
parts in volume for modern in- 
dustry, Auburn also supplies 
plastic containers for a variety of 
packaged items. Many successful 
applications (like those above) 
have brought better packaging at 
greatly reduced costs to our sales 
minded customers. To this day, 
Auburn is the leading designer 





and manufacturer of polyethylene 
self-hinged containers. 

Constant research and 79 years' 
experience have made Auburn 
the leading molder of plastic parts 
in America. Our engineering and 
design services are available to 
our customers without charge and 
usually result in cost savings for 
you in both mold and plastic 
part. 


AUBURN OFFERS ONE-STOP PLASTIC MOLDING SERVICE... 
we develop, recommend and can make finished products from 
any plastic compound, using the best one to fit your individual 
needs. Complete facilities now include: 


Stokes automatic presses 


Write today for a complete Auburn catalog to: 


Injection molding machines up to 22 oz. capacity 


Compression, transfer and high speed plunger presses up 
to 600 ton capacity — plus 


Automatic rotary presses for parts up to 4 sq. in.—plus 


Extrusion machines up to 472” screw size 
Made-to-order vinyl plastisols and dry blends 
Precision tool and die shop 

Design, engineering and laboratory services 





Catalogs and Bulletins continued 


(O-8) ZINC PHOSPHATE COATINGS 
—Booklet, 10 pp, illustrates and ex- 
plains converting of steel surfaces into 
complex, heavy phosphate layers 
chemically bound to the metal, and 
shows how this coating improves paint 
adhesion and prevents the spread of 
corrosion under the paint. Oakite 
Products, Inc, 157 Rector St, New 
York 6, N. Y. 


(O-9) CELLULOSE PADDING—Sample 
and data kit describes fabrics used for 
cushioning, padding, protective cover- 
ing which are made of combinations 
of cotton, wool, cellulose and other 
fibers. Wood Conversion Co., First 


National Bank Bldg, St. Paul 1, Minn. 


(O-10) CERAMICS—Bulletin 551, 4 
pp, lists mechanical and electrical 
properties of technical ceramics. Amer- 
ica Lava Corp., Chattanooga 5, Tenn. 


(O-11) NYLON PRESSURE TUBING— 
Bulletin, 6 pp, has data on charac- 
teristics and properties. Sizes and 
lengths are also given. Polymer Corp., 
Reading, Pa. 


(O-12) NYLON POWDER— Bulletin, 4 
pp, gives physical and chemical prop- 
erties, along with information on the 
various characteristics it imparts. The 
powder's role as a suspending agent, 
and the effects of filler additions, are 
also discussed. National Polymer 
Products, Inc., Reading, Pa. 


(O-13) LAMINATED AND MOLDED 
PLASTICS—Bulletin, 12 pp, describes 
more than 35 different types and 
grades of laminated and molded plas- 
tics. Richardson Co., 2662 Lake St., 
Melrose Park, Ill. 


(O-14) LAMINATED PLASTIC—Book- 
let, 16 pp, provides data and figures 
on properties, characteristics of For- 
mica die stock, engraving stock, mold- 
ing compounds, copper-clad sheets. 
Formica Co., 4613 Spring Grove Ave., 
Cincinnati 32, Ohio. 


(O-15)—PLastic PACKING—Bulletin 
461PE, 2 pp, describes packings made 
of teflon for sealing under difficult 
conditions in the chemical and petro- 
chemical fields. They are resistant to 
heat ( recommended temperature range 
—90 to 450 F) and inert to most 
fluids used in the industries involved. 
Durametallic Corp., 2104 Factory St., 
Kalamazoo, Mich. 
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PERMANENT BEAUTY- 


for a permanent cool wave 


In developing finishes for the International Harvester air conditioner, 
Glidden formulators faced a double problem... the inside and the outside. 


The room side of the unit is protected by one type of Glidden NUBELITE* 
against damage by impact, abrasion and humidity. The weather or exterior 
side receives protection from rain and sun by a second type of NUBELITE 
formulation and a totally different finishing schedule. 

Glidden Technical Service can assist any manufacturer with finishing or 


application problems and Glidden can supply the most suitable finish 
formulations. 


THE GLIDDEN COMPANY 


INDUSTRIAL FINISHES DIVISION 
11005 MADISON AVENUE . CLEVELAND 2, OHIO 


SALES OFFICES AND FACTORIES: 


San Francisco, Los Angeles, Chicago (Nubian Division — 1855 North Leclaire Avenue), Minneapolis, St. Louis, New Orleans, Cleveland, 


Atlanta, Reading. Canada 


*A Glidden Trade- Mark 


Toronto and Montreal. 


Photo courtesy Martin Aircroft 


Martin Jet Bomber B-57B—package of engineering ingenuity 
wields new speed and mobility in this 


x: Modern Arm of the Air Force x 


Wrapped up in this modern arm 
of the skyways is the wizardry of 
Martin engineers—masterminds 
who gave this fighting bomber a 
supremacy of visibility, mobil- 
ity, speed and control. 

In the success of this fighting 
craft, Continental takes modest 
pride in being selected to engi- 
neer and supply many of the 
molded and extruded rubber 
parts. A typical example is the 
cockpit seal which must not 


craze plexiglass and yet must re- 
main flexible even at — 70°! 


Compounding and extruding 
rubber that will not craze plexi- 
glass is a problem in itself. Pro- 
ducing rubber to remain flexible 
at — 70° is still another. Further- 
more, this part must have an 
exceptionally low compression 
set in order to retain its perfect 


seal. Resistance to every weath- 
er condition is also a must. 


Producing a rubber part to 
meet all these critical specifica- 


tions was a real challenge! Prop- 
er plasticizers had to be chosen, 
extensive laboratory tests con- 
ducted, and special handling 
was necessary to maintain the 
extremely close tolerances re- 
quired. A challenge that Con- 
tinental met and exceeded be- 
cause of their 50 years’ skill and 
experience in the specialized art 
of molding and extruding rubber. 

The technical assistance of- 


fered for this part typifies the 


service available at Cortinental. 
When you need “engineered rub- 
ber parts,” enlist the service of 


specialists—consult Continental. 


Engineering catalog. 

In addition to custom-made 
parts, Continental offers an ex- 
tensive line of standard grom- 
mets, bushings, bumpers, rings 
and extruded shapes. Hundreds 
of these are shown in the No. 
100 Engineering Catalog. Send 
for a copy or refer to it in Sweet’s 


Catalog for Product Designers. 


Cada malti ii RUBBER 
(B) ove CONTINENTAL 


CONTINENTAL RUBBER WORKS * 1982 LIBERTY ST. * ERIE 6 * PENNSYLVANIA 
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Catalogs and Bulletins continued 
(O-16) SILICONE GREASE—Brochure, 
6 pp, describes silicone fluid-carbon 
black mixture designed for high-tem- 
perature, slow-speed bearings. Dow- 
Corning Corp., Midland, Mich. 


(O-17) GLASS-REINFORCED PLASTIC 
PARTS—Bulletin GRP-1, 12 pp, de- 
scribes high-pressure molding tech- 
niques and provides data on matched- 
die metal molding. American Hard 
Rubber Co., 95 Worth St, New York 
13, N. Y. 


(O-18) HEAT-RESISTANT GLASS— 
Bulletin B-91, 8 pp, describes com- 
position, manufacture and application 
of 96 per cent silica glasses. Corning 
Glass Works, Corning, N. Y. 


(O-19) PHENOLIC REsINS—Folder 
contains bulletins describing proper- 
ties and characteristics. Marblette 
Corp., 37-21 30 St., Long Island Gity 
LU T. 


(O-20) IRON PHOSPHATE COATINGS 
— Booklet, 12 pp, describes process by 
which iron phosphate coatings im- 
prove paint adherence and resist cor- 
rosion of steel Illustrated with dia- 
grams, drawings, and photographs. 
Oakite Products, Inc, 157 Rector St., 
New York 6, N. Y. 


(O-21) Epoxy REsiNs—Folder con- 
tains bulletins describing properties 
and characteristics. Marblette Corp., 
37-21 30 St., Long Island City 1, N. Y. 


(O-22) CERAMIC PARTS AND ASSEM- 
BLIES—Bulletin 301, 4 pp, describes 
metallized and assembled types for 
electrical and electronic applications. 


Stupakoff Ceramic and Mfg. Co., 
Latrobe, Pa. 


(О-23) KNOBS AND HANDLES—Cata- 
log, 12 pp, describes plastic knobs, 
handles, pushbuttons, dials for instru- 
ments and other products. Kurz-Kasch, 


Inc., Dayton 1, Ohio. 


(O-24) RUBBER LINED TANKS, 
VALVES, FITTINGS— Bulletin, 8 pp, 
has tables giving resistance charac- 
teristics of rubber lining to inorganic 
acids, salts and alkdlies, organic mate- 
rials and miscellaneous materials. De- 
tails on the chemical, abrasive and 
temperature resistant qualities or rub- 
ber linings available are also given 
Metalweld, Inc., Scotts Lane & Ab- 
bottsford Ave., Philadelphia 29, Pa 
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tine CHR d ; c HL : most complete data published on 
Wadi s S, CHROMATE CONVERSION COATINGS 


U 
corrosion protection, paint-base and ap- 


| \ 
p» 
far iow coit, high-quality ishin ы pearance, we at Allied have accumulated 
\ 4 A \ uk ! a wealth of information on chemical 


\ 


\ \ \ m i "B | treatments for non-ferrous metals. 


\ 


\ 


E Колода value In developing new lridite finishes for 


line of chromate conversion coatings 
available, we naturally feel a certain 
obligation to the finishing industry. 
That’s why our Research and Develop- 
ment Department is continually study- 
ing ways of improving the lridite 
coatings, developing new formulations 
to solve your finishing problems. 
Each Iridite is engineered to perform 
a specific function; each is pretested 
both in our laboratories and in our 
pilot plant. This experimentation and 
production testing with manufacturers’ 
sample parts, provide proven processes 
and an endless source of new data. 
Because Iridites are used all over this 
country, Canada and Mexico, and in 
principal industrial areas throughout 
the world, we are also able to obtain 
first-hand information on new requirements of all types of chemi- 
cal finishing. This data forms an integral part of Allied’s develop- 
ment program. Allied Field Engineers, strategically located to 
assist manufacturers in determining the lridite for their jobs and 
in setting up Iridite installations, are in constant contact with the 
industry. From the practical standpoint, the value of information 
obtained from these men is unsurpassed. 


— | 
ым N P: Because lridite is the most complete 
куы ; 


Likewise, the information gained relating to industry’s other 
needs in the field of electroplating and related processing enables 
us to keep the line of ARP Plating Brighteners and Chemicals 
abreast of current requirements. 

FOR YOUR FREE COPY OF THIS REFERENCE FILE, call your nearest Allied 


Field Engineer . . . he's listed under "Plating Supplies" in your classified 
phone book. OR, write direct . . . we'll be glad to receive your sample 


parts for test processing. 


Aiueo Researcu Propucrts 


INCORPORATED 


4004-06 E. MONUMENT STREET * BALTIMORE 5, MD 


Manufacturers of Iridite finishes for corrosion protection and 
paint base on non-ferrous metals; ARP Plating Chemicals. 
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CHROMATE DIPS 


Conversion Coating Finishes 


— 
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LUSTER-ON is furnished in several different 
utility dips. It is easy to apply, low in cost. 


NEW ALUMINUM SEALER — replaces ano- 
dizing when hardness is not a prime factor. 
Protects well and offers excellent paint- 
bond. Clear or colored finish. 


CHROME-LIKE BRILLIANCE ON ZINC — at 
less than 1/5€ per square foot. Long last- 
ing — easily controlled application. 


COBRA C — for long lasting protection of 
copper and brass by a simple dip. 


KMAKI-DRAB PROTECTIVE FINISH — à con 
version coating giving a colored finish with 
excellent corrosion protection. 


PAINT BOND FOR DIE CASTINGS — one 
quick dip gives a uniform, low cost finish 
ideal as a base for later painting. 


PLA-TAN K°* 


RESIN BONDED FIBERGLAS® 


For Anti-Corrosion Service 


PLA-TANK is impervious to many acids, plating 
solutions, dips and bleaches. It is molded into 
strong, lightweight units units that offer resist- 
ance at temperatures from —60°F. to +230°F. 
And NEW PLA-TANK “Prescription” resins per- 
mit improved performance for the plating room, 
extending the borders of both temperature and 
concentration to new limits without apparent 
attack or embrittlement. 


TANKS nearly 300 standard sizes for quick 


delivery. Special sizes made to order. 


ROUND CROCKS standard sizes from 8” I.D. 
x 6" high to 30” LD. x 46” high. Specials to 


order 


DUCTS — for non-flammable corrosive vapors and 
fumes, easily assembled in the field from a wide 
range of standard units. 


VENTILATING HOODS — welded into one sturdy 


unit. Resistant to plating solution fumes inside 
and out. Economical. 


PIPE the answer to many problems involving 
drains or other transfers of corrosive liquids or 
gases. 2” to 60” sizes for quick delivery. 


STACKS for venting corrosive fumes indoors or 


out. Light, easy to erect. Not affected by weather. 
Sizes to 60 


Manufactured by PLA-TANK INCORPORATED, 
A Division of The Chemical Corporation, 
West Warren, Massachusetts. 


DATA SHEETS AND 
PRICES ON REQUEST 


tH Chemical 


CORPORATION | 


69 Waltham Avenue * Springfield, Mass. | 
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LOOK HOW 
42t4/2 has improved 


silicone rubber 


Properties built into a special 
Linpe Silicone rubber gum 
stock are now opening up chal- 
lenging opportunities to prod- 
uct designers in many fields. 


LOOK AT the benefits 


Heat- and cold-proof motor mounts in thick sections, gaskets, oven 
door seals, and other equipment are practical to a new degree 
with a special LINDE Silicone rubber gum stock. Built into each 
molecule is a curing mechanism, known as “controlled reactivity,” 
that provides all the valuable qualities of other silicone rubbers 
—plus important additional ones. 

To the product designer as well as the rubber manufacturer, 
the great advantage lies in this silicone’s ability to yield controlled 
properties by means of vastly simplified techniques. 

Important among the properties are extremely low compres- 
sion set and good resistance to high pressure steam over a wide 
range of hardnesses, and without sacrificing good elongation and 
tensile strength. 

Investigate this durable silicone rubber now. Extremely im- 
portant applications can be found in the automotive, aviation, 
electrical, and chemical fields. The work of LINDE and other di- 
visions of Union Carbide makes LINDE particularly qualified to 
assist you. Write Dept. LS-1. 


LOOK TO 
for silicones 


A DIVISION OF 


UNION CARBIDE 
AND CARBON CORPORATION 


tHe 
AIR PRODUCTS 
COMPANY 


30 East 42nd Street, New York 17, N. Y. 


| In Canada: Linde Air Products Company, Division of Union Carbide Canada Limited 


The term “Linve” is a registered trade-mark of Union Carbide and Carbon Corporation 
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.--for Silicones 


Water Repellents. For for- 
mulating into spectacularly suc- 
cessful water repellents for 
above-grade masonry, and for 
waterproofing asbestos shingles 
(applied by manufacturers). 
Stops masonry water-seepage, 
checking, spalling, efflorescence, 
weathering, for up to 10 years. 


Oils and Emulsions. Invalu- 
able as release agents for rub- 
ber, glass, shell-molding process, 
ete. Outstandingly successful 
transformer fluids, damping and 
hydraulic fluids, and special lu- 
bricants. Widely used in auto and 
furniture waxes, and in 
metics. 


cos- 


Electrical Insulating Resins. 
High electrical, thermal, water- 
resistant, and non-oxidizing 
properties. Preferred for Class 
H insulation in motors, trans- 
formers, etc., for 180 deg. C. or 
higher operation. For use on 
original equipment or re-wind- 
ing. 


Rubber Gum Stocks, Com- 
pounds. Outstanding end prop- 
erties are flexibility at very low 
temperatures, thermal and oxi- 
dation stability at very high 
temperatures, extremely low 
compression set, plus controlled 
reactivity. See advertisement on 
opposite page. 


Other Useful Silicones, In- 
termediates, and Mono- 
mers. Anti-spatter agents for 
coating glass, metal, etc.; de- 
foaming agents for organic sys- 
tems; speedily applied finishes 
for glass cloth to give superior 
strength and electrical proper- 
ties to glass-plastic laminates. 
Silicones containing reactive 
groups for compounding with 
organic systems to provide spe- 
cial properties. 
A wide variety of monomers for 
making silicones, or reacting 
with other chemicals to give sil- 
icone-organic co-polymers. 

. 
For more information, write Dept. LS 


LINDE AIR PRODUCTS COMPANY 
A Division of 
Union Carbide & Carbon Corporation 


30 East 42nd St. Mag New York 17, N. Y. 


IRADE MARN 


SILICONES 


Product Engineering — Mid-October, 
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Catalogs and Bulletins continued 


(O-25) IRRADIATED POLYETHYLENE 
—Data Sheet, 2 pp, written in ques- 
tion and answer form, 14 of the most 
commonly posed questions are dis- 
cussed. American Agile Corp., P. O. 
Box 168, Bedford, Ohio. 


(0-26) TEFLON Rops — Bulletin 
AD-149, 4 pp, describes physical prop- 
erties of two grades available in rod 
form. Complete price and size infor- 
mation. Garlock Packing Co., Palmyra, 


N. Y. 


(O-27) Epoxy RESINS AND HARD- 
ENERS—Booklet, 16 pp, describes the 
use of these resins for tools, dies, jigs, 
fixtures, adhesives, laminating, cast- 
ing, plotting, embedding and encap- 
sulating. A special section is appended 
on release agents for molds. Data on 
storage life and handling of these 
epoxy resin compounds, their work- 
ing life, mixing, fillers and cleaning 
equipment are explained in the sec- 
tion on compounding. Bakelite Co., 
300 Madison Ave, New York 17, 
N. Y. 


(O-28) PLASTER MOLD CASTINGS— 
Booklet, 12 pp, contains graph show- 
ing quantity levels at which parts can 
be most economically cast in plaster 
molds. Hale Foundry Co., 1680 Fall 
St., Cleveland, Ohio. 


(O-29) LUBRICANTS—Booklet, 36 pp, 
discusses lubricant selection and lists 
recommended oils and greases of this 
company's manufacture for various ap- 
plications. Fiske Brothers Refining 


Co., 129 Lockwood St., Nwk. 5, N. J. 


(O-30) PLATING FACILITIES—Book- 
let, 32 pp, describes facilities and dis- 
cusses history and some technical as- 
pects of plating. Curves show how 
much under size a given lot of screws 
would have to be finished to size. 
Standard Pressed Steel Co., Box 545, 
Jenkintown, Pa. 


(O-31) PVC VALVE AND FITTINGS— 
Circular, 4 pp, provides cross-sectional 
drawing and dimensions. Lunken- 
heimer Co., Box 360, Cincinnati 14, 
Ohio. 


(O-32) PLASTIC-COVERED Woop— 
Folder, 4 pp, describes material made 
by molding synthetic rubber over 
wood. Chemical resistance test results 
included. Gamble Bros., Inc., 4601 


| Almond Ave., Louisville 9, Ky. 
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For extreme high 
res (+ 500° F) 
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. . 
Silicone Rubber Parts 
For Silicone rubber parts that give max- 
imum performance at searing temperatures 
up to +500° F... retain their elasticity down 
to —160° F...or have the physical, chemi- 
cal and dielectric properties to resist 
chemicals...it will pay you to see 
STALWART first! From stocks com- 
pounded for specific job requirements, 
TALWART will mold, extrude, die-cut. 
lathe-cut, or mandrel-build parts 
to meet individual, S. A. E. or 
A. S. T. M. specifications. Bring 
our rubber problems to STAL- 
WART. .. specialists in the 
custom-fabrication of precision 
Silicone parts. 
For detailed information write for Catalog 5158-1 


eg. 


TALWART RUBBER CO. 


Mfg. Plants in Bedford, Ohio ond Jasper, Georgia 
Moin Offices !96 Northfield Rood, Bedford, Ohio 


Сз! 





Address all communications to 768 Belleville Ave., New Bedford, Mass. 


C52 


PRECISION-MOLDED 
RUBBER PARTS... 


Do obs Uo Other 
Material Can Do! 


High resistance to . . . extreme 
flexing . . . temperature ex- 
tremes . . . oil . . . water . . - 
greases . . . acids. These, and 
many other problem conditions 
are efficiently and economically 
overcome by Acushnet molded 
rubber parts. 

Compounded from natural 
and synthetic polymers, Acush- 
net molded rubber parts have 
unusual properties and charac- 
teristics that enable them to per- 
form in countless critical appli- 
cations where other materials 
cannot be used. 

When confronted with molded 
rubber problems, call with con- 
fidence, on Acushnet. 


* Send for copy of the Acushnet 
Rubber Data Handbook, a compre- 
hensive, informative reference for 
molded rubber parts. 

Also available: Brochures on Sili- 
cone Rubber Parts, and Rubber-To- 
Metal Bonding. 


ACUSHNET PROCESS CO. 


New Bedford, Massachusetts 


ДАДА 











Catalogs and Bulletins continued 


(O-33) MOLYBDENUM DISULFIDE 
LUBRICANT—Bulletin 103, 4 pp, lists 
al! type’ of this lubricant available 
and de...ibes extreme pressure or 
boundary lubrication in which solid 
lubricants perform a major function. 
Alpha Corp. 65 Harvard Ave., Stam- 


ford, Conn. 


(O-34) TETRAFLUORETHYLENE 
PRODUCTS—Manual, 60 pp, on Teflon 
discusses history, general characteris- 
tics, manufacture, compositions, uses, 
properties, suitability to various form- 
ing techniques. E. I. DuPont de Ne- 
mours & Co., Inc., Wilmington 98, 
Del. 


(O-35) ADHESIVES—Brochure, 16 pp, 
contains technical data and price in- 
formation on epoxy resin adhesives. 
Armstrong Products Co., Dept. PE, 
Warsaw, Ind. 


(О-36) ELECTRICAL AND ELEC- 
TRONIC GLASS PRODUCTS — Catalog 
NP-54, 33 pp, describes capacitors, 
resistors, glass bushings, rectifier tubes, 
fused silica, instrument windows, seals 
attenuator plates, delay lines. Corning 
Glass Works, Corning, N. Y. 


(O-37) REFRACTORY-FIBER FELT— 
Folder, 6 pp. This refractory-fiber felt 
is for service to 2000 F, as heat insula- 
tion, filter medium for hot gases and 
liquids, sound control in the presence 
of intense heat, refractory packing 
and fill. Data provided includes its 
K factor, sound absorption qualities, 
chemical and thermal stability, densi- 
ties, sizes and thicknesses. Johns-Man- 


ville, 22 E. 40 St, New York 16, N. Y. 


(O-38) CORK PRODUCTS — Bulletin 
S55, 4 pp, lists the physical properties 
and uses of natural cork and cork 
compositions. SAE, ASTM and gov- 
ernment specifications are shown. 
Sheet sizes and thicknesses are given. 
Dodge Cork Co., Inc., Lancaster, Pa. 


(O-39) QUARTZ CRYSTALS — Bro- 
chure, 6 pp, explains a new approach 
to the method of specifying the cus- 
tom-made crystals produced by this 
company. All the pertinent informa- 
tion needed for ordering quartz crys- 
tals is included. For convenience, such 
variables as crystal holder type, tem- 
perature range, frequency tolerance 
over temperature range and calibration 
are reduced, via tables, to code form. 
General Electric Co., Syracuse, N. Y. 
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Time to stop pouring oil on production problems? 


Maybe oil isn’t the only answer, even for a lubrication problem. A 
designer we know tried all kinds of lubricants on a special-type piston 
ring without success. Fortunately, he consulted technicians of the 
Du Pont Fabrics Division. They suggested a laminate of Du Pont 
coated fabric that worked best without any lubrication at all! 


F AIRPRENE™ 


INDUSTRIAL PRODUCTS 


COATINGS OF 
Silicone rubber • Neoprene « Buna N èe GR-S 


ON THESE FABRICS 
Nylon * "Dacron"f « Glass 
Cotton * "Orlon"] e Asbestos 


Glass fabrics coated with “Teflon” tetrafluoroethylene 
resin, elastomer sheet stocks and cements 


tDu Pont’s trade-mark for its polyester fiber. 
tDu Pont’s trade-mark for its acrylic fiber 


REG. U. s. Pat. OFE 


BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY 


Product Engineering — Mid-October, 1955 


Applications for coated fabrics are growing fast. Diaphragms, seals, 
gaskets— even conveyor belts—are just a part of the list. Almost any 
combination of properties is possible by proper selection of fabric and 
coating materials. Resistance to heat, oils, chemicals, abrasion can all 
be obtained to the degree desired. 


Possibly a coated fabric or an elastomer sheet stock can solve your 
particular design problem. We'll be glad to talk it over with you. 
Just clip and mail the coupon for further information. 


E. I. du Pont de Nemours & Co. (Inc. 
Fabrics Division, P-510, Fairfield, Conn. 


I am interested in Fairprene Industrial Products. 
Have a representative call. Send further information 


a a LLL 
Firm 


Address 





FOR NEW AND BETTER 


DESIGN APPROACHES 


to problems old and new 


PLAN TO USE 


Gamble engineered wood 
and combined materials 


000 selected, defected, dimensioned, 
shaped; solid wood, laminated wood, sand- 
wich materials: 


wood-and-veneer 
wood-and-fiberglass 
wood-and-plastics 
wood-and-metals 
wood-and-synthetics 


any species, foreign or domestic, or 
combinations of species. 


Gamble Brothers’ creative wood engineering has 
greatly extended the range of advantageous charac- 
teristics of wood and wood-combined materials for 
design application. 


The ingenuity of Gamble Brothers’ product develop- 
ment staff and the knowledge born of more than fifty 
years of leadership in wood engineering are available 
to you—without obligation—just for the asking. 
Contact: 


GAMBLE 
BROTHERS 


INCORPORATED 


4607 Almond Ave. 
Louisville 9, Kentucky 
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Catalogs and Bulletins continued 


(O-40) PLASTIC PIPE, FITTINGS AND 
VALVES—Bulletin 80-A, 6 pp, gives 
gereral properties of multi-polymer 
rigid plastic pipe, together with chem- 
ical resistance tables, standard sizes, 
pressures and prices of pipe, fittings 
and diaphragm valves. American Hard 
Rubber Co., 93 Worth St., New York 
193; N. Y, 


(О-41) PLASTIC CLOSURES — File 
folder describes threaded and non- 
threaded caps and plugs for safeguard- 
ing products in process, storage and 
transit. Included are price lists for 
over 100 sizes of the five standardized 
designs used to protect tubing, fittings, 
valves, hydraulic components and nu- 
merous machined parts. Protective 
Closures Co. Inc, 2207 Elmwood 
Ave., Buffalo 25, N. Y. 


(O-42) MOLDED AND EXTRUDED 
RUBBER AND PLASTICS—Catalog 786, 
l6 pp, contains specifications, terms, 
definitions, performance characteris- 
tics, tolerances and tables of properties 
available in common rubber and plas- 
tics compounds. General Tire & Rub- 
ber Co., Wabash, Ind. 


(O-43) EXTRUDED PLASTICS—Bro- 
chure, 4 pp, illustrates over 50 dif- 
ferent cross sections typical of the 
limitless variety of shapes, rods, strips 
and tubes which can be custom ex- 
truded from thermoplastics. General 
specifications of the various types of 
extrusions are given. Also included is 
a guide to the comparison and selec- 
tion of ten thermoplastic materials 
used for extrusions. Anchor Plastics 
Co. Inc, 36-36 36 St, Long Island 
City 6, N. Y. 


(O-44) PACKINGS — Selector shows 
packing styles and pressure and tem- 
perature readings for four types of 
packing application, gaskets, valves 
stems and centrifugal and reciprocat- 
ing pumps. The material being han- 
dled is printed alongside a window in 
a second and smaller disc of the selec- 
tor which is mounted on the larger 
one. New York Belting & Packing 
Co., 1 Market St., Passaic, N. J. 


(O-45) SURFACE ACTIVE AGENTS— 
Booklet, 44 pp, contains a discussion 
of surface chemistry, facts about grades 
of active agents currently available 
and toxicity data. American Cyanamid 
Co., 30 Rockefeller Plaza, New York 
20, N. Y. 
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You'll find many ways 


will к your product, reduce its cost! 


t E be | USED 

| . like cloth 
$ . instead of rubber 
| . in place of cork 


STRETCHABLE, PLIABLE, FORMABLE and Ё iobs where no other material will do! 


Formed Е چچ‎ a Ureased 


Coated — daturated 


sewn, taped | E ad 
and imprinted (i | БФ реси 


Indented or : « 
Embossed 
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| There are 3 Kinds of X-CREPE 


Basic X-CREPE Versatile, low-cost. 
Replaces, often outperforms ex- 
pensive materials tike cloth, rub- 
ber, cork. Provides desirable bulk 
without excessive weight. 


X-CREPE laminated to itself or to 
cloths, fibers, films or foils to make 
it extra strong, impermeable, mois- 
ture and water-resiStant, strong 
when wet. 


Any grade of X-CREPE can be em- 
bossed with thousands of shock-ab- 
sorbing, bulk-imparting “dimples’’ 
to produce cushion effect. X- 
CREPE's unique stretchability and 
formability make possible this un- 
usual material. 


Write today for your 
Free Cindus Design 
З 


Portfolio 


USED when resin-impregnated as 
core stock im laminated plastics. 
Won't crack or split when later 
formed into compound curves. 


USED as edge binding to replace 
felts and fabrics. 


USED as ‘'plumper”’ or backing 
material for leather and films: 


.«» AND SCORES OF OTHER APPLICATIONS! 


USED as a go-between for metal- 
to-metal, fabric-to-metal, fabric-to- 
wood, and padding-to-fabric con- 
struction. details. 

USED to replace coated fabrics. 


... AND DOZENS OF OTHER APPLICATIONS! 


USED to wrap electronic lamps, 
protect them against shock of 
shipping and handling—reduce 
size of carton. 


USED as an insulation wrap. 
.. . AND MANY OTHER APPLICATIONS! 


@ We make hundreds of grades of X-CREPE. Each grade has dis- 
tinctly different characteristics. The CINDUS DESIGN ENGINEER'S 
PORTFOLIO is your personal. reference file containing samples of 
representative grades and complete information. Special grades 
can be tailored to fit your needs. 


, Your personal reference file with representative samples and complete information. 


») CINCINNATI INDUSTRIES INC, 
Ы & 300 C ^r £ A 4 Ч 
Cincinnati 15, (Lockland) Ohio 
® X-CREPE is the trademark of Cincinnati Industries Inc. 
for its double-creped products. 





Simplity 


your 


Production 


` 4 » LIQUID POLYMER 


A solventless liquid that converts to a rubber at 
room temperature without shrinkage. 


PERMANENT FLEXIBLE SEALS OIL, SOLVENT AND CHEMICAL SEALERS for sealing (COLD CASTING COMPOUNDS 


for various equipment com- aircraft wing tanks, equipment subjected to with a range of applications 
ponents such as washing severe chemical exposure and various types varying from patterns for 
machine agitators, explosion- of storage tanks. aluminum investment casting 
proof motors, transformers, to potting of electrical con- 
refrigerator glass. nectors. 

Illustration courtesy of Minnesota Illustration courtesy of Perma-Flex® 


Mining and Manufacturing Company, Mold Company, Columbus, Ohio. 
Detroit, Michigan. 


"Thiokol" Liquid Polymer compounds can easily be flowed into place by pouring or by 
pressure-feed. They cure to elastomers with the following properties: 


@ Resilience and Toughness e Gas and Moisture Impermeability 
€ High Adhesive Strength © Excellent Temperature Cycling Properties 
€ Chemical, Oil and Solvent Resistance © Weathering and Aging Resistance 


© Goed Electrical Properties @ Vibration and Mechanical Shock Resistance 


The properties of “Thiokol” Liquid Polymer compounds “Thiokol” LP-2 may yield similar advantages in your 

simplify production methods and yield desirable product product or process. Our technical staff will gladly discuss 

characteristics in the applications illustrated here. the suitability of “Thiokol” Liquid Polymer for any 
application you have in mind. 


Thiokol Chemical Corporation supplies “Thiokol” Liquid Polymer only 
as a raw material. We will gladly indicate sources of suitable compounds 
to end-users. 


784 NORTH CLINTON AVENUE * TRENTON 7. NEW JER 
-— In Canada: Naugatuck Chemicals Division, Dominion Rubber Company, Elmira, Ontario 
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SOLVE CORROSION PROBLEMS 


. . . from battery cases 
to atomic equipment 


... from filter plates 
to sprinkler heads 


STOKES experience in design and 
molding techniques results in a 
finished product that requires 
practically no machining opera- 
tions after molding. 

When you consider the superior 
acid and corrosion-resistant qual- 
ities, the good impact and rugged 
physical strength of PVC, consult 
STOKES for better finished prod- 
ucts of greater advantages over 


the present materials you are now 
using for the same applications. 


Other examples of STOKES products ore: NPS PVC 


Valves and Fittings, PVC pumps for acid,. Molded 
(end fabricated) PVC parts to close dimensional 
tolerances and physical specifications. 


with PRECISION 


Examples 
Shown: 


MOLDING 
of RIGID 


Valve is 
molded by 
STOKES for 
Lunkenheimer 
Co., Cincinnati, 
Ohio. 


STOKES fittings 
distributed by 
Lunkenheimer Co. 
ond by H.N. 
Hartwell, Boston 


Mass. 


Call on STOKES for aid 
in these industries 


Water Purification 
Potable Transport 
Petroleum Industry 
Electroplating 


Fertilizing & Insecticides 
Photography & X-ray 
Chemical Processing 


Textile Processing 
Medical Equipment 


Send your blueprints 
or specifications for 
an Engineered Design 
Analysis of your problems. 


Write for samples and detailed chart 
of chemical and physical properties. 


STOKES MOLDED PRODUCTS DIV. OF ELECTRIC STORAGE BATTERY CO. 


ue JOHNSON 


RUBBER and PLASTIC 
Fon ПНЕ 
MOLDED GOODS 


A 


DIE & 
RuBBER PRODUCTS 


SON 


FOR LATHE CUT 


JOHN RUBBER 


MIDDLI 


COM 


١ 


JOHNSON PLASTIC 


HAGRIN FALL‘ HIC 


SHED 


SALES OFFICES IN 
LEADING CITIES 


PANY 


895 


CORPORATION 


with Tooling 


Department “D” - 105 Taylor Street - Trenton, New Jersey 


No Fooling 


Instrument and Control 


Knobs—PRICED RIGHT 


High quality — 
low cost stand- 
ard parts 


Hard finish ther- 
mosetting plastic. 
Available fast— 


often from stock 


Many more de- 
signs than shown 
—complete size 
range in most 


Send for complete catalog 


KÜRZ- KASCH»« 
1420 S. Broadway, Dayton 1, Ohio 
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PLEXIGLAS molding powders and 
sheets. They are detailed presentations, fully diagrammed 


and illustrated, showing the best ways to make use of 


this Rohm & Haas Company acrylic plastic. 


Molding Powder Product Design — principles 
of optical design, decorative effects, and methods of 


attaching molded PLEXIGLAS parts. 


. Design and Fabrication Data covers the fabricating 


ROHM & HAAS COMPANY 
Dept. PD, Washington Square, Philadelphia 5, Pa. 
Please send me: 


[] “Molding Powder Product Design". 
] "Design and Fabrication Data". 

Name. 

Company 

Address 


City 


hown above ha ло, arae 
* | ie ve ум P * 
ern 


PrEXIGLAS is a trade-mark, Reg. U.S. Pat. Off. and in other principa 
n the Western Hemisphere 


Canadian distributor: Crystal Glass & Plastics, I 


at Jarvis Street, Toronto, Ontario, Canada 


CHEMICALS SS 


ROHM £€ HAAS 
COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


Representatives in principal foreign countries 





POLYPENCO® NON-METALLIC SHAPES 


Use stock shapes for low cost fabrication 


With POLYPENCO shapes, you can economically obtain the 
advantages of nylon, Teflon*, and Q-200.5 for a wide variety 
of components by fabricating them on standard metalworking 
tools. You also receive uniform high quality in every piece of 
stock. Most standard sizes are stocked now for immediate delivery. 


4 ROD: Diameters from 'A" to 6'4" in 
lengths from 8' to 6''. 


STRIP: .010"' to.125'' thick, V4'' to 4"' wide. 


TUBING: .035'' to .500” O.D., .020” to 
.410'' LD. 


TUBULAR BAR: O.D.'s from 2” to 10” with 


wall thicknesses of %4” to 12”. 


SLAB: 1⁄4” to 1” thick, standard 10° width, 
discs from 4” to 2” thick in 6” to 
12°’ diameters. 


TEFLON* 


ROD: Diameters from .030” to 4” in lengths > 
ranging from continvous coils down 
to 6”. 


TUBING: 4” to 47%” LD. with walls from 
V to 2" thick. 


SPAGHETTI TUBING: I.D.'s corresponding to 
American Wire Gauges 22 through 
B, in lengths up to 1,000’. 


TAPE:.002'' to.1 25'' thick, 4 to 12'' wide. 


SLAB: 24” or 48” squares from .125"' to 
1.50"' thick. 


Q-200.5 


ROD: Diameters from 'A'" to 374" in 
lengths from 4' to 8’. 


Other shapes and sizes con be supplied on 
special order 


SEND FOR TECHNICAL BULLETINS AND PRICE LISTS. 


THE POLYMER CORPORATION oí Penna. * Reading, Penna. 
In Canada: Polypenco, Inc., 2052 St. Catherine W., Montreal, P.Q. 


` OLYPENCO NON-METALLICS 


Catalogs and Bulletins continued 


(O-46) PLASTICS FOR AUTOMOBILES 

Brochure, 8 pp, contains table of 
mechanical, thermal, electrical, chem- 
ical and other properties and charac- 
teristics of four compounds. E. I. 
duPont de Nemours & Co., Wilming- 
ton 98, Del. 


(Q-47) SELF-STICKING TAPES—Cata- 
log, 20 pp, contains revised and added 
technical data, descriptions, photos and 
application information on pressure- 
sensitive electrical tapes of acetate 
cloth, acetate film, acetate film-cloth 
combination, flatback and crepe paper, 
vinyl film, cotton cloth, glass cloth and 
“Mylar” polyester film. The self-sticking 
non-electrical tapes included are of 
paper, glass fiber reinforced paper, 
rayon reimforced acetate film, cloth, 
cellophane, acetate film, plastic, alumi- 
num foil and adhesive film. Insula- 
tion Manufacturers Corp, 565 W. 
Washington Blvd., Chicago 6, Ill. 


(O-48) PaAckiNGS—Folders, 4 pp 
each, describe sheet, bulk and shaped 
packings. James Walker Packing Co., 
Inc., 96 Liberty St., New York 6, N. Y. 


(O-49) SOLUTION CERAMICS—Bro- 
chure, 12 pp, describes inorganic coat- 
ing for metals, asserted to be free 
from brittleness and to be unusually 
adherent. Armour Research Founda- 
tion, 10 W. 35 St., Chicago 16, Ill. 


(O-50) STYRENE MOLDING COM- 
POUNDS—Data sheet, 4 pp, contains 
table of mechanical, thermal, optical, 
physical, electrical and molding prop- 
erties and characteristics. Monsanto 
Chemical Co., Springfield, Mass. 


(O-51) INDUSTRIAL RUBBER PROD- 
ucts—Catalog 35C, 20 pp, covers 
"V".belts, transmission belts, conveyor 
belts, all types of hose, molded prod- 
ucts. Raybestos-Manhattan, Inc. Pas- 


saic, N. ] 


(O-52) PLASTICS MOLDING—Exter- 
nal house organ, 4 pp. The purpose of 
the new periodical is to inform plas- 
tic molders of new developments in 
this company’s resins and compounds. 
In the first issue, photographs of 
molded parts, supported by property 
data tables and by case histories from 
the industrial molders, illustrate the 
economic advantages of a new general- 
purpose, phenolic molding compound, 
BMG-5000. Bakelite Co., 300 Madison 
Ave., New York 17, N. Y. 
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FRENCHTOWN 


ENGINEERED CERAMICS 
OFFER 


W hether you plan the development of a new product, or are 
seeking ways to further improve existing ones, you'll want to 
look into the many new possibilities which are open to the 
design engineer who includes engineered ceramics in his 
planning. Our ceramic engineers have developed many 
formulae which, together with modern fabricating 
methods,* have greatly enlarged the usefulness 

of these amazing materials. Always 

outstanding as electrical insulators, 

Frenchtown ceramics, particularly the 

high alumina bodies, are being specified 

more and more for critical mechanical 

applications. 


heck these BIG advantages: 
MECHANICAL STRENGTH 
Compressive strength up to 187,000 psi. 
ABRASION RESISTANCE 
Demonstrated by use for sand blast 
nozzles. 
HEAT RESISTANCE 
Softening temperatures up to 1971° C. 
THERMAL CONDUCTIVITY 
Coefficient (c.g.s. units) up to 0.0180. 


THERMAL EXPANSION 


as low as 2% cumulative at 700° C. Send for this helpful bulletin 
giving complete data on 


“Grinding and extrusion facilities « NICOTE® Metallized Ceramics —— 


gineered Ceramics. 


trenchtown PORCELAN 


90 MUIRHEAD avenue Í TRENTON 9, NEW JERSEY 
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Answer bearing design requirements 
with 


RULON BEARING MATERIAL 


V Never needs lubrication 

/^ [nherently low friction coefficient 
Excellent abrasion resistance 

Extreme resistance to chemical corrosion 


j 


Compressive Strength; — 

Specific Heat; B.T.U./Ib./*F.. xS eS eas 
Coefficient of Linear Expansion per T TER — 
Water-obsorption, 96 . — 


Моп РМ 10001. 


Polyethylene... 

Textolite 2001 _. 

75% Tefion 25% Gloss... 

Carbon. ONE E 

75% Teflon 25% Mico. EEE et 

60% Teflon 40% Bronze... à .24 
6096 Teflon 4096 Lead. . 4 i 25 
6096 Teflon 4096 Graphite... — ^ 19 
Nylasint.. 


*AI! tests run dry with no ضا‎ Rulon values are for averages of 5 to 20 pairs of bearings. 
Other data may be for single pair of bearings. 


Effect of Mating Surfaces on Rulon A 


Coefficient of Friction 
Against Rulon A 


Coefficient of Friction 


Shaft Material Against Rulon A | 


Shaft Material 
Hardened Drill Rod. | Cost Iron —— 0.19 
Chromium Drill Rod i Monel i М . 0.24 
Stainless Steel. Cold Rolled Steel 0.32 
Rulon A à $ Brass 0.33 
Rulon C 

Water Absorption %. j | U 0.00 
Temperature Range °F... —150*  4-500* to —150° +500° to —150° 


Effect of Chemicals on Rulont 
Eleven Days in Concentrated Nitric Eleven Days in 
Acid at Room Temperature at Room 


96 C Coefficient Wear 96 C 
in Weight of Friction Resistance — in Wei. 


Rulon A. + 0.25 15 .30 0.00 18 67 
Rulon B............ + 9.30 21 12 0.00 14 .08 
Rulon C 4- 10.40 .19 .62 +3.30 15 19 
+All friction and wear tests were for single pair of bearings. In no case was 


there apparent 
physical deterioration due to chemical immersion. Changes in wear and friction are within 
normal range of individual variation with exception of Rulon C in Nitric Acid. 


Sodium Hydroxide 
emperature 


Coefficient Wear 
of Friction Resistance 


Availabilities: Extrusions, compression moldings, cross-sectional shapes, 
hot forgings, fabricated forms, etc. — special formulations finished to 
close tolerances. Advisory service on your specifications, without obliga- 


tion. Write for RULON Data Sheets. 


DIXON CORPORATION 


Established 1876 Bristol 4, Rhode Island, Tel. Clifford 3-7500 
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Catalogs and Bulletins continued 


(0-53) TANK AND DUCT LINING— 
Bulletin, 4 pp, describes "Koraseal" 
sheet lining for racks, vats, stacks. 
List of materials and solutions and 
maximum temperatures at which they 
can be safely handled by this lining 
are included. Metaweld, Inc., Scotts & 
Abbottsford Ave. Philadelphia, Pa. 


(O-54) THERMOSETTING LAMINATED 
PLASTICS—Chart, 1 pp, is a complete 
tabulation of the latest military and 
government specifications for 24 
grades of thermosetting laminated 
plastics. Synthane Corp., Oaks, Pa. 


(O-55) PACKINGS—Six 4-pp tech- 
nical bulletins. Each contains factual 
information on and standard sizes of 
a specific style of packing. Included 
are: rubber “O”-ring packings and 
both rubber and leather gaskets, back- 
up washers, “V"-cups, “U"-cups. Data 
on this company’s rubber-impregnated 
leather is also provided. E. F. Hough- 
ton & Co., 303 W. Lehigh Ave., Phila- 
delphia 33, Pa. 


(O-56) ELECTRICAL CERAMICS — 
Folder, 4 pp, contains double-spread 
table of various ceramic materials used 
in electrical components. Water ab- 
sorption rates, densities, strengths, re- 
sistivities and other significant prop- 
erties are all given. General Ceramics 
Corp., Keasbey, N. J. 


(O-57) PLASTIC PIPE AND FITTINGS 
—Catalog, 7 pp, describes properties, 
characteristics, available types and 
sizes of PVC pipe and fittings. Alpha 
Plastics, Inc., 14 Northfield Road, 
W. Orange, N. J. 


(O-58) (FIBER PARTS AND MATE 
RIALS—Catalog, 36 pp, describes fibre 
sheet, board, rods, tubes, stamped parts, 
paper. Spaulding Fibre Co., Inc., 585 
Boylston St., Boston 16, Mass. 


(O-59) MOLYBDENUM DISULFIDE— 
Technical paper reprint, 4 pp, “Lu- 
brication Properties and Industrial 
Applications of Pure Molybdenum Di- 
sulfide.” How the thin oxide films that 
form on most metals almost immedi- 
ately after cutting or shearing act as 
lubricants and reduce friction by sub- 
stantial amounts and how they can be 
improved by alloying or supplement- 
ing with more highly qualified solid 
lubricants is discussed. Alpha Corp., 
Greenwich, Conn. 
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Sketches for portable dark-room sink to be molded in 
one piece from reinforced plastic, 


Reinforced plastics are bringing 
thousands of new products into focus 


A basic new material—fibrous glass, bonded with 
polyester resins—is inspiring product designers 

in scores of fields. 

The unique properties of reinforced plastics provide 

an application range that is practically limitless... 
from lampshades and luggage to sports car bodies, 

boats and air conditioning parts. 

The material combines exceptionally high impact 
strength with low weight. It has great resilience and will 
not dent. It is dimensionally stable and retains its shape 
under mechanical stress and extremes of temperature. 
Reinforced plastics also offer good electrical properties. 
Their thermal conductivity is low. Water absorption is 
negligible. They resist weathering and are not damaged 
by most oils, alkalies, acids, salt and solvents. 

In addition to being naturally translucent to light, 

the material can be pigmented to a wide and attractive 
choice of colors. 

Large products can be molded in one piece. 

Components can be sawed, nailed, cemented or riveted. 


If you would like more specific data on how reinforced 
plastics might serve your business, write or call 
Monsanto. As a basic supplier of the styrene monomer 
and phthalic and maleic anhydrides used in the 
manufacture of polyester resins, Monsanto can also 
put you in touch with dependable suppliers of resins 
and custom molders, who will work with you on your 
technical problems. Monsanto Chemical Company, 
Plastics Division, Dept. PD-55, Springfield 2, Mass. 
SUPPLIERS OF THE “BIG 6" 
Monsanto manufactures a wide range of plastics for 
molding, extrusion, calendering, coating, bonding 
and fabrication. No other single company supplies the 
“Big 6” in Plastics: 


STYRENE + POLYETHYLENE 
VINYLS + CELLULOSICS 
PHENOLICS - AMINOPLASTS 


SERVING INDUSTRY... WHICH SERVES MANKIND 





VU LCAN 
NT 747777. 


are engineered for their jobs 


Vulcan coated fabrics 
are adaptable for many 
types of industrial use 
including: 


Air seals 

Bearing seals 
Cable wrapping 
Carrying cases 
Carburetors 
Control diaphragms 
Covers and paulins 
Fuel containers 

Fuel pump diaphragms 
Gaskets 

Hospital sheeting 
Insulation 

Meter diaphragms 
Railroad car seals 
Regulators 

Safety clothing 
Soundproofing 
Transmission seals 
Vacuum pumps 


(Many of the items for the above 
uses are produced to meet the 
specifications of AMS 3270, AMS 
3274-A and Mil C 8068 Type 1) 


I: you are now using coated fabrics 

. or can use them . . . it will pay you to 

investigate Vulcan, for over 44 years pro- 

ducer of a complete line of quality industrial 
coated fabrics. 

Lightweight but tough...resistant to abra- 
sions, oils and chemicals . . . flexible over 
wide temperature changes ...these are some 
of the many good reasons for the superior 
performance of Vulcan coated fabrics. 

Used by many of the leaders of American 
industry, including the United States Gov- 
ernment, these fabrics are available with 
either natural or synthetic coatings. 


Catalogs and Bulletins continued 


(O-60) LUBRICATING  GREASES — 
Folder, 4 pp, lists and describes both 
graphited and non-graphited lubri- 
cants and gives consistencies and rec- 
ommended service details. Gredag, 
Inc., Niagara Falls, N. Y. 


(O-61) - BRAIDED PACKINGS—Book- 
let, 8 pp. Details of construction, rec- 
ommendations for use, available sizes 
of flax, cotton and Teflon packings are 
given. Garlock Packing Co., Palmyra, 
m» 


(O-62) PHENOLIC RESINS—Conver- 
sion slide rule shows the amounts of 
resin and accelerator required to pro- 
duce a cast phenolic part of any size. 
Alongside a listing of phenolic cast- 
ing resins, a table shows the percent- 
age by weight of the appropriate 
hardener to be used with each. Mov- 
ing a slide gauge to any of the resin 
numbers listed provides information 
on such physical properties as hard- 
ness, impact strength, compressive 
strength. The cubic area of the part 
or product to be made is determined 
by lining up markings for the part's 
height, width and length. Slides on 
the front of the chart provide the 
poundage of resin needed per cubic 
inches or cubic feet. Marblette Corp., 
37-21 Thirtieth St, Long Island City 
l, N. Y. 


(O-63) EPoxv REsiNS— Bulletins 1, 
2:and 3, 6 pp each. Describes resins 
which, with the:proper hardeners, can 
be used in tooling, casting, laminating, 
potting, encapsulating, embedding and 
adhesive applications. Specific data are 
given on the physical properties of in- 
dividual resins and hardeners, together 
with the physical, chemical and elec- 
trical properties of recommended 
resin-hardener combinations. Bakelite 
Co., 300 Madison Ave., New York 17 
N. Y. 


(0-64) TAMPER-PROOF SEALER— 
Data sheet, 2 pp. Typical applications, 
properties, chemical resistance and ap- 
plication of this sealer are described. 
Minnesota Mining and Manufacturing 
Co., 423 Piquette Ave., Detroit 2, 
Mich. 


(O-65) LiQUID POLYMER COLD CAST- 
ING COMPOUNDS—Bulletin, 4 pp. 
Several trial formulations and proper- 
ties of cold casting compounds are de- 
scribed. Thiokol Chemical Corp., 780 
N. Clinton Ave., Trenton 7, N. J. 
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FIRST TRANSISTOR RADIO MADE:POSSIBLE 
. . by INSUROK! copper-clad 


printed circuits! 


Here’s a remarkable example of miniaturization 

. . made possible mainly through the use of printed 
circuits and transistors. This diminutive radio weighs a 
scant 12 ounces, complete with battery. Yet, it has 
good tone, is selective, and delivers plenty of volume. 


Here’s the printed-circuit board used in thé Regency 
.. made with Richardson T-725 copper clad INSU- 
ROK. Engineers of I.D.E.A., Inc. of which Regency 
is a division, laid out the circuit. Croname, Inc.* 
Chicago, took it from theres. printed the complex 
circuit on Richardson T-725 copper-clad INSUROK, 
then etched it. Restilts: a lightweight, compact, effi- 
cient ciredit . . tedious, time-consuming wiring elimi- 
nated . . faster assembly. 


Many grades of Richardson laminate INSUROK 
are available copper-clad on one or both surfaces. 
We invite your inquiry. 2 


*Here’s what Croname has to say about T-725 cop- 
per-clad INSUROK, “Quality is superior . . service 
good. And Richardson gives us helpful engineering 

" assistance.” 
Ask for descriptive bulletin, 
"INSUROK Copper-Clad Laminates.” 


RICHARDSON jhe RICHARDSON COMPANY 


Laminated and Lm 
Molded Plastics 2768 Lake St, Melrose Park, Ill. (Chicago District 


SIX PLANTS: Melrose Park, Ill. € Indianapolis, Ind. 
Mew Brunswick, M. J. € Newnon, Са. è Tyler, Tex. è Ogden, Utah 


SALES OFFICES IN PRINCIPAL CITIES 
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ber -— fabricated 

. vast, complete 

. . new, advanced pro- 

Me methods $0 ARco 

rvices assure you rubbem parts 

that will meet your “tightest” pro- 
duction schedules. 


v 
Give your product the advant ges 
of sound abatement, electrical’ and 
ў thermal insulation, corrosión and 
Р abrasion resistance withgyfubber. 


Consult ARco engineefs on rubber AUTOMOTIVE 


FRICTION FREE E component requirements. No obli- RUBBER COMPANY - INC. 
gation. Manufacturers + Designers + Engineers 


12558 BEECH RD. « DETROIT 28, MICH. 


rz 


/ 


Valuable literature 


Р ovailable—Wirite 
LOW COST 4) n aoe 


ANYTHING CAN BE COVERED WITH RUBBER BY. 


ANCORENE * — 


TRACKS FREE NEW CATALOGS 
— — A BELLOWS & CLIPS 


— — €———————— d 


sliding glass panels, mirrors, book 


p ap qu cp app EP up and" 


I 
| 
І 
! 
I 
І 
i 
| 
\ 


case doors, cabinet doors are de 
signed with convex platforms for 
effortless gliding ease without 
rollers 


€ Single, double or triple tracks; 


special designs 
top and bottom tracks 
Ancorene will not chip, warp 


or rust—many colors available Wide range of sizes! 


Low cost dies enable you to ... Quick delivery! 
specify any design to suit your .. . High quality! . . . 
needs Quantity orders also 


I 
€ Standard tracks available quickly filled! 


Send us your print for quotation or DAE. e nd BROCHURE SHOWING COMPLETE 
write for specific information — m LINE WILL ALSO BE 
required - 

SENT ON REQUEST! 


Reg. Trademark, 
Та КУ 


ANCHOR PuasTıcs COMPANY, INC. 


36-36 36th St. ины) Island City 6, N. V 5 5 7. а a 
14279 Е. Nine Mile Rd., East Detroit, Mich. 


RODS * TUBES * SHAPES * MO DING * TO SPECIF A NS 
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USE TIME-SAVING COUPONS BELOW 


. .. fo request further information on 
all products advertised in this Handbook Section 


... fo request your copies of product catalogues 
and bulletins listed and described in this section 


(You will find similar coupons at the end of each Handbook Section ) 


CONSULT THE PRODUCT INDEX If you have specific questions to ask about any 
beginning on Page 12, when you product advertised, a letter direct to the manu- 
want all available information on facturer, at the address given in his advertise- 
a particular type of product: this ment, wil be welcome. For clarity and prompt 
Product Index is your guide to all service, include reference to Product Engineer- 
advertisements in this Handbook ings Product Design Handbook issue for 1956, 
issue by manufacturers of this type and page number of advertisement prompting 
of product. your letter. 


CIRCLE THESE NUMBERS FOR FURTHER INFOR- 
MATION ABOUT ADVERTISING APPEARING IN 
THIS SECTION 


C28-9 C30-1 C32 C33 C34 C35 C36 

C37-8 C39 C40-1 C423 C44 C45 C46 

C47 C48 C49  CL50 CR50 СІ51 СВ5І 

C52 C53 C54 C556 C57 CTLS8 CBLS8 

CR58 C59 C60 C61 C63 C64 
CTR66 CBR66 


CIRCLE THESE NUMBERS FOR FURTHER INFOR- 
MATION ABOUT ADVERTISING APPEARING IN 
THIS SECTION 


C28-9 C30-] C32 C33 C34 C35 C36 

C37-8 C39 С40-1 C42-3 C44 C45 C46 

C47  Á C48 C49 С150 CR50 CL51 CRSI 

C52 C53 C54 C556 C57 CTLS8 CBLS8 

CR58 C59 C60 C61 CS3 C64 
CTR66 CBR66 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION 


01 02 03 04 05 06 07 
08 09 010 011 012 013 014 
015 016 017 018 019 020 021 
022 023 024 025 026 027 028 
029 030 031 032 033 034 035 
036 037 038 039 040 041 042 
043 044 045 046 047 048 049 
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NEW BOOKS 


Fabrication & Production Processes 


Metals and How to Weld Them by 
T. B. Jefferson, Editor, Welding 
Engineer, and Gorham Woods, 
Metallurgist, Cleveland, Obio. 5V^ 
x 842 in., 322 pp. Published by 
James F. Lincoln Arc Welding 
Foundation, Cleveland 17, Obio. $2 


Written for those who need to know 
what takes place in metals when welds 
are made. Designed as a text or for 
self-study and reference purposes. 

All welding processes and their uses 
are described, with emphasis on the 
basic metallurgy and the metals that 
may be welded. The discussions of 
metallurgy included are simplified. 

Welding of the various groups of 
metals are discussed in separate chap- 
ters. A special chapter is devoted to 
hard-facing and another discusses the 
principal elements of good welding 
practice. A glossary of welding terms 
and a number of tables of useful in- 
formation pertaining to welding are 
included in the index. 


Schnitt-, Stanz- und Ziehwerkzeuge 
by Gerbard Oebler, Professor at tbe 
Technischen Hochschule Hannover. 
614 x 914 in., 480 pp. Published by 
the Springer-Verlag OHG., Reich- 
pietsschufer 20, Berlin W 35, Ger- 
many. DM 37.50 ($9.38 approx.). 


Covers the working of sheet metal 
in all phases of the subject with typical 
German thoroughness. Summarizing, 
the fourteen chapters of this second 
edition on “Blanking and Punching— 
Bending and Forming—Deep Draw- 
ing” cover in great detail the design 
and construction of blanking dies, 
punches, breaking dies, drawing dies, 
deep drawing dies used on double ac- 
tion presses, tools for stretch presses, 
drop hammers and all the types of 
specialized operations. 

This book is a highly noteworthy 
down-to-earth technical presentation 
replete with design equations, techni- 
cal data, tables of properties, curves 
depicting relationships and similar 
basic engineering informations. 

Although written in German, even 


Cos 


engineers who are not at all familiar 
with the language can get much in- 
formation and valuable ideas out of 
the charts, tables, and the detailed sec- 
tion and other views of dies and tool 
set-ups. 


Machine Shop Operations and Set- 
ups by H. W. Porter, Assoc. Prof. 
of Trade and Industrial Education, 
Purdue University; C. H. Lawsbe, 
Prof. of Psycbology, Purdue Uni- 
versity and Consultant on Indus- 
trial Training; and O. D. Lascoe, 
Prof. of Mfg. Processes, Purdue 
University. 6 x 9 in., 397 pp. Pub- 
lished by American Technical Soci- 
ety, 848 Е. 58th St., Chicago 37, Ш. 
$5.50. 


The primary objective of this book 
is to present a complete treatment of 
the organization and operation of a 
modern machine shop for a trade 
school student or machine shop ap- 
prentice. 

Considerable space and effort is de- 
voted to the establishing of terminol- 
ogy and nomenclature associated with 
measuring tools and all common ma- 


“chines. 


In each instance a detailed descrip- 
tion of how to set up a typical work- 
piece, is given. 


Manual for Plastic Welding-Poly- 
ethylene by G. Haim, Rediweld, 
Ltd., Crawley, Sussex, England, and 
J. A. Neumann, American Agile 
Corp., Bedford, Obio. 6 x 9 in., 125 
pp. Published by the Industrial 
Book Co., 1240 Ontario St., Cleve- 
land, Obio. $6. 


The first part of the book is devoted 
to a description of the various types 
of polyethylene, their physical and me- 
chanical properties, chemical resistance 
and forms in which they are available. 
A discussion of the design principles 
of extrusion machinery and recom- 
mendations for their incorporation 
into custom-built equipment is also in- 
cluded. 

The latter part of the book covers 


the practical aspects of gas welding in 
sufficient detail to be of excellent use 
to the man who wants to become a 
plastic welder. The construction and 
operating principles of gas plastic 
welding torches are described, includ- 
ing both electric and flame gas-heating 
torches. The methods and techniques 
of welding and use of polyethylene 
welding rod are treated extensively. 
"How-to" instruction in the lining of 
tanks, fabrication of pipe lines, and 
other structural assembling operations 
are also included. 


Shell Molding and Shell Mold Cast- 
ings by T. C. Du Mond, Editor, 
Materials and Methods. 4 x 614 in., 
128 pp. Published by Reinbold 
Publishing Corp., 430 Park Ave., 
New York 22, N. Y. $2. 


This book should be of much inter- 
est to those desiring a first look at the 
process of shell molding. 

Apparently, due to the newness of 
the process in this country, the author 
has preferred to present opposing 
viewpoints on comparative advantages 
and disadvantages. The book defines 
and gives a brief description of the 
process, discusses advantages and lim- 
itations, costs, materials, sizes, toler- 
ances and finishes, some comparisons 
with competitive processes, equip- 
ment required and some applications. 
An appendix lists twenty “selected” 
references for further reading. 


Facts About Stampings. Pressed 
Metal Institute. 5V5 x 82 in. Paper 
Bound. 32 pp. Publisbed by tbe 
Pressed Metal Institute, Department 
FPR, 2860 East 130 St., Cleveland 
20, Obio. $.50. 


An aid to those who are faced with 
problems in the designing and rede- 
signing of parts for metal stamping 
products. Fundamentally, stampings of- 
fer production economy and material 
conservation. The book is designed to 
show how these have been attained 
with metal stampings for both long 
and short time production runs. 
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Roll Formed 
Toothed Parts 


HARRY PELPHREY 


Chief Research Engineer 
Michigan Tool Company 


GEAR AND SPLINE TEETH are normally 
formed by some type of cutting opera- 
tion. Such methods, at best, often take 
several minutes to complete. 

Roll flow forming of tooth parts 
can be done in a matter of seconds; 
reduces machine time and operations 
needed by other processes. Roll form- 
ing is a “chipless machining” operaton 
and has many engineering advantages. 

Roll forming is a cold working proc- 
ess. A metal blank is placed on centers 
between forming racks which roll the 
blank under extremely heavy pressure 
to completely form the teeth at the 
lengthwise position on the 
blank. The most commonly generated 
tooth forms are ASA Standard splines 
and serrations. However, SAE tapered 
serrations, oil grooves and others have 


desired 


Fig. 3—Parts made by roll forming. (A) Parts of different 
(B) Shouldered or non- 
shouldered parts can be made. (C) SAE tapered spline. 


size formed by the same rack. 


‘ig. 1—Involute forming racks: (A) for spurs; 
(B) for helicoids. Forming racks are made in 
pairs and mount on hydraulically driven slides. 


been formed. Helical teeth for run- 
ning gears and special applications are 
being test formd. 

The basic components of the ma- 
chine are: the rack-type forming tools; 
two slides; and a heavy “C” shaped 
machine frame. The slides are mounted 
one above the other and hold the racks. 
The slides are driven by two hydraulic 
cylinders, one for each slide, and are 
mechanically interlocked and synchro- 
nized through master racks and con- 
necting gear. 

The forming racks, Fig. 1, are made 
of high-carbon, high-chrome and other 
high alloy steel. They are accurately 
ground all over; the tooth form and 


spacing are ground to extreme accu- 
racy. The tops of the rack teeth are, 
for an initial forming distance, step- 
ground like those of broaches. When 
beginning to roll form, the ends of the 
racks just contact the blank, and then 
press deeper and deeper into the part 


as they roll together until the full 
depth is reached. 

The racks are adjustable toward the 
part center to obtain proper size. The 
racks, made in pairs, butt endwise 
against locating blocks on the slides to 
relate them to each other and to the 
part center. 


Roll Forming Process 


Basically the process forces metal to 
flow in a prescribed fashion to form 
gear or spline teeth according to the 
dimensions of the rack-type forming 
tool and the blank diameter. 

The blank diameter is determined as 
follows. On a completely dimensioned 
tooth layout of the desired part, Fig. 2, 
a circle is drawn such that the tooth 
areas outside this circle are equal to the 
space areas inside this circle. The diam- 
eter of this circle is the rolling diam- 
eter, that is, the blank diameter before 
forming the teeth. During roll form- 


Fig. 4—Surface finish. Rolled parts indicated 3 to 6 micro 
in. while identical hobbed parts gave readings of 500 micro 
in. Note feed marks on hobbed part. 
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Rolling dia 
(Blank día) 


Fig. 2—Forming of teeth. (A) Completely dimensioned part. (B) Rela- 
tion between rolling diameter and pitch diameter of the finished part. 


ing, the metal in the space areas of 
the layout inside this circle is displaced 
outward to fill the tooth area outside 
this circle. 

With this rolling circle as a basis, 
the pitch and tooth profiles of the 
forming racks are so cut that the de- 
sired shape and pitch of gear or spline 
tooth are accurately formed on the 
required pitch circle. 

To design parts to suit an existing 
set of forming racks, the rolling diam- 
eter of the part blank is determined 
from the linear pitch of the rack. The 
generated portion below the rolling 
diameter is drawn in to agree with the 
forming racks. Then, this displaced 
area is transferred to above the circle 
to form the upper portion of the teeth. 
In Fig. 3 are shown both parts made 
from racks designed for the parts, and 
parts of different diameter designed to 
suit the racks; also shown is a taper 
spline formed by the new technique. 


Part Design 

The process is applicable to parts of 
widely varied shapes. The one impor- 
tant factor is that the parts should 
have a chamfer or angle beyond the 
ends of the tooth face width. This 
keeps the metal from being pushed 
over the ends and also restrains end- 
wise movement of metal at the top of 
the teeth which would reduce the 
diameter near the ends on the face 
width. 

Many different types of metals have 
been successfully rolled to form toothed 
parts. These include: SAE 1037 steel 
(annealed), Brinell 200; SAE 1037 
steel (heat-treated), Ro 41; SAE 4140 
steel, Rp 89-90; SAE 1145 steel, Re 
20; Nitralloy steel, Re 32-33; 410 
Stainless steel, Rc 38-39; 303 Stainless 
steel (18-8 Austenitic), Re 27-28; 
2024-T4 (24 S-T4) aluminum, Rp» 52- 
53; 6061 (61-5) aluminum, Ry 52-53; 
and copper. 


Fig. 5—Advantages of roll forming. (A) Teeth can be formed to a shoulder 
without damage to the shoulder face. (B) Material saving since single shaft 
size can be used, and the upper portion of the teeth raised above the original 
shaft diameter. Parts may be used either as-rolled or as heat-treated. 
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Rolled 


Hobbed 


Photomicrographs of the various 
spline metals indicate no grain de- 
formation except immediately below 
the bottom of the roll-formed space. In 
no instance has there been any large 
build-up of “dog ears” at the corners 
of the teeth, nor has there been any 
indication of “laps” along tops of the 
teeth. 

Parts may be used as-rolled, or, if 
necessary, heat-treated without ad- 
verse effects. The growth is comparable 
to that of chip removing methods. 


Advantages of Process 

Surface finish of rolled and hobbed 
involute splines are compared in Fig. 4. 
The rolled splines shown were pro- 
duced 30 times faster than by hobbing. 
A single-thread hob was used to pro- 
duce the hobbed splines. 

Since many parts can be processed 
by this method, without requiring ad- 
justment, the down time for tool 
changes is small compared with other 
methods. This also reduces tool cost 
by eliminating constant resharpening, 
inspection and setups. 

Other advantages include being able 
to form up to a shoulder without dam- 
age to the shoulder, Fig. 5( A); and to 
use one continuous shaft size, Fig 
5(B), as compared to hobbing. 

In torsional tests, rolled splines have 
proved to be 10 to 20 per cent stronger 
than hobbed splines of equal size. The 
higher strength is gained by prestress- 
ing, and also may be attributed to 
rearrangement of the grain structure. 

For production, fewer machines are 
required for a given quantity, thus 
reducing needed floor space. The ma- 
chines have few working parts which 
eases the maintenance and operation 
expense. The machines are adaptable to 
manual or automatic loading. 

D3 





From: American Machinist 


Fig. 2—Matched parts with complex contours. Masking 
for sandwich construction is done with photosensitive 
coatings and a glass cloth negative. The composite 
structure has a stiffness to weight advantage over sheet 


Fig. 1—Steam jacket test panels produced by simple masking metal of equivalent weight per unit area of 4 or 5 10 1. 


and chem-milling. To produce these parts 
would require two or more types of metal cutting machines. 


by machining Such 


MILLING by Chemistry 


MANUEL C. SANZ 
Aerophysics Dept. 
North 


American Aviation, Inc. 


PRODUCTION of highly complex shapes, 
non-symmetrical patterns, integrally 
stiffened structures and tapered skins 
is difficult by the usual skin milling 
method. Only slight contours can be 
machined in parts after forming. Con- 
versely, it is difficult to form parts after 
they are machined. Furthermore, in 
skin milling the shape of cut is limited 
by the direction of cut and the radius 
of the cutter. 

Chem-milling overcomes these diffi- 
culties by permitting removal of mate- 
rial after forming. The areas of a steel, 
titanium, or aluminum part that are to 
be retained to the greatest thickness 
are masked and metal is etched away 
from the unmasked areas by a modified 
hot alkaline solution. Varying depths 
of metal removal is achieved by strip- 
ping masks intermittently from the 
work or by gradually immersing or 
removing the part from the etching 
bath. 

The principle of metal removal by 
etching is not new. The success of this 
etching process can be attributed to: 
(1) new organic coatings and tapes 
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that are resistant to hot alkaline solu- 
tions; (2) compounded or modified 
etching solutions that give a uniform 
etching rate without destroying the 
physical and chemical properties of the 
metal; and (3) development of meas- 
uring and controlling electronic equip- 
ment that regulates rate of metal re- 
moval and time of immersion. 


Advantages of the Process 


When compared with machine mill- 
ing, the chem-milling process offers 
several engineering and economic ad- 
vantages. Engineering design advan- 
tages are: 

l. Etching can be done after form- 
ing; and area of metal removed is not 
limited by contour of part. Parts can 
be formed after etching. 

2. There are no limiting restrictions 
as to shape, direction of cut, or limiting 
radius of cutters. Complex shapes, 
broad or narrow cuts, and compara- 
tively sharp corners, Fig. 1, can be 
produced in one operation. If produced 
by skin milling, two or more different 
types of metal cutting machines might 
be required. 

3. Chem-milling can be applied to 
complex contoured or formed parts, 
Fig. 2, and metal removed from both 


structures 
the maximum allowable fiber stress in the skins. 


can be readily designed to develop 


surfaces of a sheet simultaneously in 
one operation. This avoids the warpage 
that often results in skin milling. 

f. Lighter-weight construction of in- 
tegrally stiffened structures can be con- 
structed without riveting, seam and 
spot welding. Stiffeners and doublers 
can be eliminated. Sandwich construc- 
tion is more feasible since heavy sec- 
tions can be left on a panel where 
later attachments are to be made. 
Weight reductions on extrusions, forg- 
ings and deep drawn parts, Fig. 3, are 
possible. These parts are usually heavier 
than necessary because of limitations 
caused by standard sizes and minimum 
thicknesses required in forming. 

Tubing having an outside diameter 
that is greater than necessary can be 
reduced in this dimension simply by 
plugging both ends and immersing the 
tube in the etching solution until the 
desired outside diameter is reached. By 
masking only the outside of the tube 
and etching its inner wall, its inside 
diameter is increased as the wall thick- 
ness decreases. 

5. Sheet thickness can be held to 
tolerances as close as plus or minus 
0.002 in. by chem-milling as compared 
to plus or minus 0.010 in. by machine 
milling. 

6. Sheets, extrusions, hat sections and 
other stiffener parts can be tapered to 
reduce weight and transfer design 
stresses proportionally through the part 
as required. 

Lands or stiffeners can be pro- 
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duced integrally with the skin and can 
be curved or contoured to transfer 
stresses as desired. 

8. Various depths of cut on large 
areas of one sheet can be produced by 
progressive unmasking. 

The operational and economic ad- 
vantages of chem-milling are: 

1. Process lends itself to automation 
by electronic instrumentation, thus re- 
quiring no highly skilled operator. 

2. Number of parts that can be 
etched simultaneously is limited only 
by tank size. 

3. Finished chem-milled parts re- 
quire no sanding and polishing to elim- 
inate the notch sensitivity inherent in 
machined milled parts. Surface rough- 
ness is about 50 to 60 microinches. 

4. Equipment used is of the conven- 
tional cleaning and pickling type avail- 
able in many plants for metal cleaning. 


Properties of Chem-Milled 
Materials 


Tests of chem-milled aluminum 
parts indicate that bend, tensile and 
fatigue properties are practically the 
same as those of sanded and polished 
machine milled sheets. However, an 
improperly formulated etchant can re- 
sult in lower fatigue or limit bend 
radius of such sheets and rougher sur- 
face finishes. 

Bend tests on chem-milled and ma- 
chine milled sheets ranging from 0.032 
to 0.068 in. thick indicate that a bend 
radius equal to three times the sheet 
thickness is satisfactory. At a bend 
radius of twice the thickness, the ma- 
chine milled sheet has better charac- 
teristics. 

Flexural fatigue tests conducted on 
parent, chem-milled, and machined 
milled aluminum sheets at stresses of 
38,000 psi and 48,000 psi indicate 
chem-milled specimens are comparable 
to the parent metal and slightly better 
than machined milled specimens. Fig. 
4 shows a plot of these values. 

Tensile tests on an etched clad 24S 
sample showed an increase in strength. 
This is caused by the removal of the 
lower strength cladding on one side of 
the specimen. Parent sheet of 0.125 in. 
gage had a tensile strength of 60,000 
psi and an elongation of 12.4 per cent. 
Etched specimen of 0.035 in. gage had 
a tensile strength of 61,700 psi and an 
elongation of 14.7 per cent. 


Cost Comparison 
Chem-milling shows a considerable 
cost advantage over machine milling. 
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Fig. 3—To reduce weight, forgings and deep drawn parts that require thick 
sections for forming can be etched without masking. Simultaneous removal of 
metal from both sides minimizes warpage that occurs in one side machining. 


Certain costs cannot be evaluated in 
dollars and cents, such as simplified 
lighter-weight design construction and 
greater in shop processes 
such as forming and assembly. 

Operating costs increase with the 
complexity of the masking required. 
Based on a cost of 18 cents per pound 
of etchant, the cost per pound of alumi- 
num removed, where no masking is 
required, is 27 cents. This compares 
against a conservative $1.00 per pound 
for machine milling. 

Mechanical masking increases the 
cost since the tool cost and the labor 
of clamping and unclamping must be 
added. However, cost is still low as the 
tooling is not affected by the solution. 


economy 


For masking by tape, paint and silk 
screen, the cost of the masking mate- 
rials and the application and stripping 
labor must be added. 

A preliminary cost survey shows that 
spray masking of a production part is 
$9.36 for chem-milling; $25.00 for 
machine milling; and $80.00 for sub- 
contracted machine milling, per part 
in 60 to 150 part lots. 

In machine milling, the greater the 
number of parts the lower is the cost 
per part simce setup time is constant 
for any one run. In chem-milling, this 
sometimes important advantage is not 
obtained; production of parts in quan- 
tities does not substantially reduce the 
cost per unit. 
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Fig. 4—Flexural fatigue of parent, machined and chem-milled 245S-T3 sheets. 
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Designing Parts for Economical 


Efficient, simple and economical production calls for the most advantageous use of 
labor, machines and methods. Often a simple design change in a part will increase 


Fig. 1—Casting or forging with a 

bored tapered hole.—(A) If the Vernier caliper, 

hole is to be held to close tolerances 

and is not a standard taper for which 

a plug gage is available, the size 

will be difficult to check during 

machining and inspection. Repeated 

caliper checks would have to be made 

during the boring operation. Also, — a — 
an accurate measurement would be ) DXX 
difficult to obtain, because the depth 

at which the diameter is measured is 


hard to define,—(B) A simple 
change that eliminates these prob- 
lems. The recess need only be about 
LG in. deep, but should be approxi- 
mately 0.004 in, less than critical 
maximum diameter of finished hole, 


Fig.l 


! 

Spot-facin * 

P TT Fig. 2—Spot-faced lug on the external wall 
of an iron, brass, or light-metal casting. When 
machining a seat for the bolt head, these 
lugs are cleaned with a pilot-type spot-facing 
tool.—(A) If a large radius strengthening fillet 
adjoins the lug, an unsatisfactory finish can 
result, The spot-facing tool will cut partially 


| Unsightly ledge lett by into the fillet and leave triangular raised 


ledges. Moreover, a side pressure—caused by 

| f- , 

pm e cutting into the fillet—is imposed upon the 
tool. This can break or bend the pilot, or 
damage the cutting edges of the tool. Cost is 


thus increased and production reduced.—(B) 
If a raised circular pad is cast, there is no 


danger of tool catching or fillet damage. A 
clean, smooth machined surface is assured. 


Fig.2 


Fig. 3—A slotted shackle milled from mild 
steel stock.—(A) Part with the central 
parallel slot milled with a flat base. This 
requires the table carrying the part to 
travel a considerable distance to allow for 
diameter of the cutter.—(B) by allowing 


the base of the central slot to be curved | | \ Flot bose of slot Bose of slot 
to the radius of the milling cutter, it is jj calls for long | j curved to radius / 


possible that only a vertical feed, to the travel post cutter | of cutter permits 
necessary depth, will be required. short vertical feed 
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W. M. HALLIDAY 


Machining Engineer—Consultant 


Southport Lancs., England 


machine production and reduce tool breakage and labor cost. Various design modi- 
fications that can be used to simplify machining operations to improve production. 


Fig. 4—Drilled and tapped hid- 
den hole in a casting.——(A) To 
drill and tap this hole, a long 
extension drill would be necessary 
to clear the long side wall. 
Frequent drill and tap breakage 
should be expected, as well as 
difficulties in providing a jig fix- 
ture to guide the tools.— (В) 
If a hole can be cored through 
the back wall, a standard drill and 
tap can be used. A simple fixture 
ean be used to mount the part. 


Fig. 5—Drilling and tapping a slotted lug on a cast 
boss. When the left wall of the lug is tapped and 
the right wall clearance drilled, drilling will be 
difficult both in setting the part and tooling, because 
of the closeness of the rectangular flat base of the 
casting. If the holes are transposed, drilling is 


simplified, and the drilled hole can be used as a 


guide to center the tap when threading one hole. 


Fig. 6—Drilling holes in flanges for cover fasten- 
ings.—(A) and (B) A step-up or step-down design 
will require two or more settings or readjustments 
of the milling machine. Also, in (A) the underside 
of the flange is inclined, which can cause trouble 
when the drill breaks through. In (B) the drill 
breaks through partially into the side wall.—(C) 
provides for a single milling operation, Also, the 
parallel underside assures that the drill breaks 
evenly through flange making a sharp edged hole. 


continued next page 
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Designing Parts for Economical Machining - continued 
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Fig. 7 — Large, circular, flanged Drilled hole Driving and 
castings or pressings having a long locating pin 
hollow conical boss. The casting 

shown, (A), is a shaft and roller i 

bearing housing that must be accu- ў Shoulder 

rately turned, bored and faced on 

the surfaces marked. As illustrated, 

only line contact is possible on the 

conical boss. To arrest any tilting 

when machining the periphery, 

jacks, supporting screws, or similar 

packing would be necessary. If an 

extension boss is cast with the hous- 

ing, the setup and machining are 

greatly simplified, (B). The square 

shoulder on the boss prevents the 

workpiece from being punched into 

the jaws when a heavy cut is taken. 


Fig. 8—Large diameter end shield 

casting made from cast-iron or some 

light metal alloy. Parts of this type 

usually require machining on those 

surfaces denoted by heavy lines. In 

(A), the shield is chucked over the 

outside rim. Because of the rela- 

tively thin base wall, gripping in (A) Fig. 9 
this manner can easily induce dis- 

tortion or rim cracking. Out-of- 

roundness often results. Also, the Fig. 9—Thin walled hollow dish-type casting that must be machined 
back face of hub should be ma- as noted. Normal chucking pressure on the thin wall section could 
chined at the same setting, to en- cause distortion, fracture or out-of-roundness. In (A), holes are drilled 
sure concentricity with the remain- or cast, and shouldered studs locate and support the casting. This is 
der of the part. Here, insufficient the driving member. The other jaws are fitted with headed support studs 
space exists between part and that are equal in height to the shoulder of the driving stud. The jaws 
chuck. Design modification, (B) are drawn up snug, but not tight enough to deform the thin wall 
overcomes all these objections. casting. Where cored holes are not possible a well can be cast or 
Stiffness can be increased by using drilled in the casting to receive the driving pin, (B). A boss lug or 
the alternative rib construction. rib can also be used with chuck jaw driving against the member. 


(B) 


Ds Product Design Handbook Issue 





From: American Machinist; Metal Progress 


D FABRICATION AND PRODUCTION PROCESSES 


How to Work Stainless Steels 


characteristics of the 31 standard stainless steel types. 


Mechanical and physical 


STAINLESS STEELS are generally con- 
sidered to be high strength, high 
corrosion resistant and excellent work- 
able materials. In many instances they 
may cost less to fabricate because 
thinner stock can be selected, rusting 
is not a problem and heat-treatments 
are not necessary to give them high 
strength. However, each of the 31 
standard types has advantages or limi- 
tations for any given fabrication 
process. Table I indicates the compo- 
sition of the steels and some special 
characteristics of the three types. 

Martensitic steels are hardenable 
having their best mechanical and cor- 
rosion properties after hardening. Ten- 
sile strengths are increased from 65,- 
000 - 125,000 psi when annealed; to 
125,000 - 200,000 psi when hardened. 
They are especially suitable for hot 
working or forging. 

Ferritic type steels are not harden- 
able, but hardness can be increased 
slightly by cold-working. Cold-work- 
ing, however, decreases ductility sub- 
stantially. Tensile strength ranges be- 
tween 65,000 - 85,000 psi. They offer 
good resistance to oxidation and cor- 
rosion and can be fabricated without 
difficulty by normal methods. 

Austenitic steel is inherently tough 
and well adapted to fabrication by 
deep drawing and similar methods. 
Tensile strength ranges between 75,- 
000 - 105,000 psi. After work harden- 
ing a tensile value of 200,000 psi can 
be developed in flat rolled products 
and in excess of 300,000 psi in wire. 

The fabrication qualities of the 
stainless steels are compared in Table 
II for cutting, machining, forming, 
joining and finishing. Some of the 
steels have been developed for special 
purposes; for example, Types 416, 430 
F and 303 are free machining steels 
having about 85 to 90 per cent of the 
machinability of Bessemer screwstock. 


Fabricating Stainless Steels 
Cutting. The austenitic stainless 
steels are generally more difficult to 


blank and punch than the other grades. 
Small clearances should be maintained 
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to keep the metal from being drawn 
into the die. A general rule is to work 
to a clearance of 1/10 the thickness 
of the metal being blanked or 
punched. 

In perforating, from 75 to 100 per 
cent more force will be required than 
for mild steel. Press speeds should be 
reduced 50 to 60 per cent. Holes to 
be perforated should not be smaller 
in diameter than the thickness of the 
material being used: recommended 
minimum diameter is 115 to 2 times 
the material thickness. 

Machining. Ferritic stainless steels 
are easiest to machine; the annealed 
martensitic types are more difficult; 
and the austenitic types, because of 
their work-hardening properties, are 
the most difficult. 

Stainless Types 430 F, 303 and 416 
have been developed especially for 
machining purposes. Type 430 F can 
be machined at rates approximately 80 
to 90 per cent of Bessemer screw 
stock; Type 416, approximately 75 to 
80 per cent of Bessemer screw stock. 
If a nonmachining grade is selected 
for higher mechanical or corrosion- 
resistant properties in the finished 
parts, some sacrifice in machining 
properties must be made. 

Forgimg. Forging die life in stain- 
less steel operations is about 25 per 
cent less than for mild steel. An aver- 
age of 25 per cent more blows under 
the hammer is also required to forge 
the part. 

Forging temperatures vary for the 
different steels. Table III lists approxi- 
mate values for the three basic types 
of stainless. 

Bending and Roll Forming. These 
operations are most commonly done 
with the austenitic and ferritic stain- 
less steels. These grades require ap- 
proximately twice the tool capacity 
needed for mild steel. 

Dies and rolls for forming stainless 
steels should be designed for a spring- 
back allowance of from 2 to 3 times 
that for mild steel. 

By proper design of the forming 
rolls, extremely sharp corners with 
small radii are possible. Steady, conti- 
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nuous forming, as in roll forming, is 
preferable (for the austenitics in parti- 
cular) to abrupt, step-by-step forming, 
as on brakes, if complex contours are 
being developed. 

Deep Drawing. A speed approxi- 
mately 14 that used in regular steel 
drawing will result in flowing stainless 
to a greater depth and will reduce 
breakage and excessive scoring of the 
dies. Clearance between the punch and 
the draw die should be about twice 
that used with ordinary steel or brass. 

Austenitic steels are well suited for 
drawing. Their ductility is greater than 
that of deep-drawing carbon steel. The 
ferritic and martensitic steels are less 
ductile. However, ferritic types can be 
satisfactorily deep drawn alti:ough less 
severe reductions per step are possible. 
The martensitics, except Type 410, are 
drawn infrequently, and with less 
severe draws. 

Spinning. The lower work-harden- 
ing characteristics of the ferritic grades 
are well suited for spinning operations. 
Spinning will work-harden the aus- 
tenitic stainless steels faster than other 
forming operations, requiring the work 
to be re-annealed. Type 305 is a spe- 
cial spinning grade; work-hardening 
more slowly than Types 302 or 304. 

More frequent process annealing is 
required with the other 300 series 
stainless steels and the 400 series mar- 
tensitic grades. Spinning is rare with 
the martensitic grades. 


Joining Stainless Steels 


Riveting. The  chromium-nickel 
stainless steels can be riveted cold 
when the rivet diameter is less than 
3/16 in. To reduce the effect of hard- 
ening under cold work, the rivets 
should be set in one blow rather than 
by a rapid succession of blows. Button 
heads are recommended for cold work. 
Rivets larger than 3/16 in. dia should 
be driven above 1,600 F to avoid 
driving within the range of lower 
ductility. 

The straight chromium stainless 
steels—except Types 420, 440, 442 
and 446— may be driven cold in the 
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smaller sizes. Large diameters should 
be hot riveted, but with martensitic 
grades, heating should not exceed 
1,450 F or air hardening can snap off 
the rivet head on cooling. 

Maximum temperature for hot rivet- 
ing the ferritic types must be con- 
trolled to avoid increasing grain size 
and consequent loss of ductility. Type 
430 should not be heated above 1,500 
F; Types 442 and 446 not above 1,600 
to 1,700 F. 

Soldering. All types of stainless 
steel can be soldered, either with the 
soft-lead-tin or the hard silver solders. 
It is recommended only as a means of 
filling or sealing joints, and should not 
be depended upon for mechanical 
strength. Joints to be sealed by solder 
should always be spot welded, riveted 
or joined by other mechanical means 
if strength is required. Welding is 
preferable. 

Brazing. Brazing is mot recom- 
mended as a joining technique. While 
tight joints are possible, the brazing 
alloy may penetrate the crystalline 
structure of the steel and cause brittle- 
ness and reduced ductility. Silver 
soldering is recommended over brazing 
if the work cannot be welded. 

Welding. The austenitic grades are 
highly recommended for welding. 
Welds are tough and ductile and can 
have the same corrosion resistance as 
the base metal. If the welded material 
is to withstand severe corrosion attack, 
anneal after welding and select a low 
carbon modification stainless steel. 

The ferritic grades are not as weld- 
able as the austenitics. However, if 
properly annealed they are tough, 
ductile and have good mechanical qual- 
ities, although not equal to the austeni- 
tic grades. The 18 per cent chromium 
types such as 430 are most commonly 
welded. 

The hardenable martensitic types 
can be welded by the special tech- 
niques used to weld tool steels and 
other high alloy steels. The lower 
chromium types, such as 410 with 12 
per cent chromium, can be softened 
satisfactorily by annealing. 


Table II—Forging Range 
Temperatures 


Maxi- Finish- 
Type mum F ing F 


| 
Austenitic | 2,300 | 1,600 


Ferritic 2,050 | 1,450 
Martensitic | 2,200 | 1,500 


| 
Dio 


Table I—Properties and Applications of Stainless Steels 


NOMINAL MECHANICAL PROPERTIES 


Tensile Strength Yield Strength Elongation in Carbon Max Mn 
TYPE NO. psi psi 2 in. Per cent Per Cent Per cent 


| CHEMICAL COMPOSITION 
| _ ——— БА 





AUSTENITIC 


301 105, 40 ,000 | 55 Over 0.08-0.20 
302 90, 35 ,000 Over 0.08-0.20 
302B 90, 40,000 Over 0.08-0.20 
303 90, | 35 ,000 | 5 0.15 max 
304 | 85, 30 ,000 | 08 max 
304L 75, | 28 ,000 р 03 max 
305 85, | 35,000 | 5: 0.12 max 
308 85, 30 ,000 | 1 08 max 
309 95, | 40 ,000 : | 20 max 
ETT 95, , 40 ,000 | 08 тах 
310 | 95, 45,000 1 | j 25 máx 
310S Е 95, ) | 45,000 | 0.08 max 
50 ,000 | S | 0.025 тах 
35 ,000 5 S 0 10 max 


32,000 0.03 тах 


40,000 | 0.10 тах 
: 30 ‚000 : | 0.08 max 


35,000 5 | 0.08 тах 


MARTENSITIC 


403 e 40,000 


410 | 35,000 | 


120 ,000 95,000 | 20 


30 


75 ,000 40 ,000 


25 





: 50,000 





| 
| ee | 
125,000 | 95,000 | 20 
| 
| 


З 105 ,000 F. 60 ,000 20 0.60-0.75 


107 ,000 62 ,000 18 0.75-0.95 





0.95-1.20 











110,000 65,000 


65,000 40,000 0.08 max 


75,000 40 ,000 0.12 max 





80 ,000 | 55,000 0.12 max 





446 85,000 55,000 0.35 max 


f 


(1) Phosphorus or sulfur or selenium: 0.07 per cent min. Zirconium or molybdenum: 0.06 per cent max. 
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_CHEMICAL COMPOSITION 


Max Si 
Per cent Cr Per cent Ni Per cent Other Per cent APPLICATIONS AND REMARKS 


Rapid work-hardening. Light-weight, high-strength construction. In soft 
condition used as trim. 





17.0-19.0 ‘ | General-purpose Cr-Ni type. Food processing, dairy and kitchen equip- 
| ment and architecture. Light-weight structure. 

17.0-19. o High scaling resistance. Increased oxidation resistance at elevated tem- 

perature. 











17.0-19.0 Free machining steel. Used in rod and wire form for high-production screw 
machine work and cold heading. 


18.0-20.0 


General-purpose welding steel. Used in chemical equipment requiring weld- 
ing. Low carbon makes welding less hazardous to corrosion resistance. 


Low carbon makes the steel immune to intergranular corrosion for service 
below 800 F after welding or stress relieving. 


18.0-20.0 








17.0-19.0 Low work-hardening rate. Steel is used for severe cold forming operations 
such as spinning. 


 19.0-21.0- 





Lower carbon makes steel applicable as welding rods and electrodes for 301, 
302, 304 steels, and several ferritic and martensitic steels. 





22.0-24.0 Good oxidation resistance at high temperature. High scale resistance and 
good strength. 


22.0-24.0 


Lower carbon increases oxidation resistance by reducing the degree of car- 
bon carbide precipitation at elevated temperatures. 








24.0-26.0 Similar to Type 309 but with increased oxidation resistance and strength 
at elevated temperature. 


24.0-26.0 


Severe carbon reduces the degree of carbide precipitation at elevated 
temperature. 











Increased oxidation resistance as a result of increased silicon content. 
Structure is less stable. 


23.0-26.0 





16.0-18.0 і Мо; 2-3 Used at elevated temperatures as well as for handling liquids in chemical 
and processing industries. 


16 0-18 Mo; 1.75-2.5 | Lower carbon make steel immune to intergranular attack during welding 
or stress relieving in strongly corrosive uses below 800 F. 


18.0-20. Mo; 3-4 Higher alloy content than Type 316 for applications requiring increased 
corrosion resistance. 





Free from attack in corrosive mediums up to 1500 F after welding or stress 
relieving. For jet engines, chemical and processing industries. 


17. 0-19 





17.0-19 Limiting scaling temperature 1500 F. Used in strongly corrosive applica- 


tions and also in high temperature aircraft and steam power service. 








11.5-13.0 Forged or machined turbine and compressor blades and other highly stressed 


parts. 


11.5-13.5 General- gue. Used heat-treated for valve stems and pump linings. 


Annealed а and strip for linings where abrasion and corrosion resist- 
ance is needed 





High strength version of Type 410. Valves, pumps, linings and similar 
places where strength is required with above. 


Free machining grade. Used as bar and wire form for high production 
screw machine parts. 

High carbon provides good hardness in heat-treat conditions. For cutlery, 
valve parts, and corrosion-resistant ball bearings. 





Special-purpose hardenable steel. Increased corrosion resistance and about 
the same strength as the nickel-free martensitic steel. 


Mo; 0.75 max Increase in carbon of these types increase hardenability. Used where hard- 
ness and corrosion resistance is required but not high hardness. 





Cutlery, surgical instruments, valves and other applications requiring above 
characteristics. 





Mo; 0.75 max Ball bearing grade and for other similar applications explained above 


Al; 0.10-0.30 Similar to Type 410 with small amount of Al added to inhibit air hardening 
from welding or brazing. 


- General- -purpose chromium type. Used mostly for automotive trim. Also 
architectural shapes and certain specific chemical applicati ons. 


14.0-18.0 


Free machining. For severe bending or extra deep drawing. 


14.0- 18.0 а) 


23 ne o | N; 0.25 max Increased resistance to oxidation at elevated temperatures, such as hot 
sulfur-bearing gases 
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Table I1l—Comparison of Fabricating Methods for Annealed Stainless Steels 


MARTENSITIC TYPES | 
(AISI) 


BY HEAT TREATING 


OPERATION p 


LJ 
403/410/414|416/420/431| A | B | C 


CUTTING 


Shearing 


Blanking . 


Perforating 


Notching 


nw‏ | ده | ده | ده | ده 


Slitting 


| 


ы | 


Expanding 


H|» 


Punching 


MACHINING 


Turning. 


Roll Forming 


Drawing 


Hydroforming 


Spinning 


JOINING 


Fusion | Welding 
Resistar е Welding .| 
Silv er Brazing 


Hi-Temp Soldering. .| 


FINISHING 


Polishing 2 | 2 |2 |3m 


Plating 2|2]|2|3m 


CODE: 1—Exceptionally good 


HARDENABLE | 
і 
I 


1440) 440/440 | 


دة | ده | ده 
دہ | دہ | ده 
دہ | دہ | ده 


| 


N ә! м 
T" 

win! we! ws 
د | دہ‎ | || 


212 |2 12| 2 | 2 
21212 | 2| 2 | 2 


2—Well suited (norm) 


| FERRITIC 
TYPES (AIS!) 


405/430) * 


2 
2 


| 


NON-HARD. | 
ENABLE 


j| 446 


3m! 2 


3m| 2 
i 


3—Precavtions Necessary (see footnote references) 


Slightly greater care required because of the high chromium content. 


Because of the “ 
feeds are necessary. 


For reference, comparative machinability figures: 


Bessemer Screw Stock 100 
416 85 
430F 90 


(based on cold-finished stock) 


303 
302 
430 


gumminess”’ of these austenitic steels, slower speeds and low 


75 
45 
54 


Free-machining sceels are somewhat susceptible to hot shortness. Temper- 
atures must be controlled within close limits. 


These steels, 


pressures and special die considerations. 
More power, smaller cuts necessary because of the greater hardness of annealed 


steel. 


Di2 


because of the elevated temperature strength require higher 


al 


2 


т 


302) В |303 |304) І, |305 | 308 


[2 | 


i 


2 
2 


AUSTENITIC TYPES (AISI) 


WORK HARDENABLE 


| E | 18-8 | 18-8 
| With Moly- 
I 


bdenum 


18-8's | Higher Cr-Ni | Stabil- 
| ized 
C--"T 304 | | | | 309 


309| S |317 


| | | | 316 
314 321 | 347 | 316 | L 


|3 
| 310| S 


3b | 3b | 3b 
F3E3E3 

>| 3b | ЕЗЕЗЕЗЕЗЕ 
зь | 


3b | 
3b | 


| 3b | sb | | 
| 3b 


3b | 
3b 


зь 12 | 2 


32 | 2 3m| 2 2 


| $m 2|? | 2 | 3m) 2 |2 
E20 em 


4—Better not, try another material. 


Additions to improve machining characteristics lessen formability. 


Higher work hardening characteristics of this grade make it less suitable for 
any but the more shallow draws. 


Somewhat more difficult to draw than the basic type; generally drawn only 
when ultimate use necessitates these alloys. 


Higher silicon content may necessitate special care to avoid cracking. 


These steels show freedom from harmful carbide precipitation caused by weld- 
ing heat. They are not necessarily easier to weld so far as the mechanical 
operations of welding are concerned. 


Can be welded but pre-heating, post-heating, or both usually will be required 
to prevent cracking. 


. Discontinuities in high polishes and finishes. 
Formability restricted because of the greater hardness of annealed steel. 
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Fig. 1—Wave guide casting and cutaway sectional view showing complex 


internally cored passage. 


From: ASTE Paper 


Part was produced by frozen mercury process. 


Frozen Mercury Process 


for Investment Castings 


IRVIN R. KRAMER 


Mercast Corporation 


ADVANTAGES DERIVED from the use 
of frozen mercury as a pattern mate- 
rial for investment castings stem from 
two of its physical properties: Low 
volumetric change on melting; and 
surface characteristics which enable 
solid mercury to be self-welding. 

The amount of volume change that 
occurs in the pattern during melting 
for removal from the mold influences 
the amount of stress produced in the 
walls of the mold. These walls, of 
course, must be thick enough to with- 
stand these stresses. With wax or 
plastic patterns, this volumetric ex- 
pansion is about 9 per cent or a linear 
change of 3 per cent. Thus a totally 
confined wax pattern when changing 
from a solid to a molten condition 
imparts a strain of 0.03 in. per in. 
to the mold walls. 

Mercury patterns upon melting ex- 
pand 3.5 per cent in volume or change 


1.8 per cent linearly. Larger invest- 
ments, therefore, can be made and thin 
shell molds utilized. 

When two pieces of frozen mercury 
are brought together, they can be 
firmly welded by application of a 
light pressure. This self-welding prop- 
erty is called “booking”. It enables 
the construction of patterns with com- 
plex internal passages and undercuts 
since the pattern can be built in simple 
sections and “welded” together. 

The process is used for making cast- 
ings having internal cavities so intri- 
cate that withdrawable cores cannot 
be used. Complicated wave guides, 
nozzle boxes, hollow vanes, and buck- 
ets with ribbed sections can be cast. 

In making the pattern, liquid mer- 
cury is poured into a steel die and 
frozen in an acetone-dry ice bath. 
During the freezing period, the die 
is progressively lowered into the bath 
to control the solidification and to 
avoid shrinkage defects forming on 
the surface of the pattern. Because of 
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the high density of mercury and its 
fluidity, no difficulties are encountered 
in filling thin sections. 

To make patterns that require book- 
ing, a die containing a match plate 
is used. The match plate contains the 
core details and is placed between the 
two die halves. Mercury is poured into 
the two die cavities and frozen, after 
which the match plate is removed from 
the die halves. Then the dies halves 
containing the frozen mercury por- 
tions are brought together to accom- 
plish the booking operation. 

In joining the frozen portions, 
alignment is maintained by precision 
dowels in the die. In the direction 
perpendicular to the parting line, no 
loss or gain of dimensions occur in 
the pattern. 

Unlike other investment casting 
methods, the molten metal is cast in 
a thin ceramic shell mold. This shell 
is built up by successively dipping the 
frozen pattern into slurries of increas- 
ing viscosities. 

For the initial dip, the slurry is very 
thin and contains refractory particles 
of very small size. This coating im- 
parts a smooth surface to the final cast 
ing. 

After the shell mold has been built 
up, the frozen pattern is extracted by 
running mercury at room temperature 
into the sprue or gate. The green 
molds are then baked, to complete 
removal of solvent. The ceramic 
shell mold is so permeable that suction 
casting techniques can be employed 
to obtain extremely thin cross sections 

The wave guide shown in Fig. 1 
demonstrates the the 
frozen mercury process for making 
large and complex castings. This part 
As a 
wave guide, the interior surfaces (A) 
must be completely free from all de- 
fects and have a 63 micro inch finish 
The “iris” section (B) must be sharp 
and free of edge roughness. This guide 
is cast in 88-8-0-4 bronze and weighs 
12$ Ib. For the interior core (A), a 
booking operation is required, the line 
(C) indicates where the pattern for 
the core was joined in booking. 


versatility of 


also serves as a structural unit. 


REFERENCES: 


1. Investment Castings by the Frozen Mer- 
cury Process; by Irvin A. Kramer. ASTE 
paper 23T11, March, 1955. 

. Manufacture of Blades, Buckets and 
Vanes for Turbine Engines; by A. T. 
Colwell. SAE paper 440, March, 1955 
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Ponder Metal Process 
and Part Design 


GEORGE STERN, Vice President 


American Electro Metal Corporation 


J. F. KUZMICK, President 
Welded Carbide Tool Company 


FACTORS THAT INFLUENCE the selec- 
tion of the powder metal process for 
the production of a part usually are: 
Shape; size; dimensional tolerances; 
and mechanical properties. 


SHAPE. The shape of a part is perhaps 
the first factor to consider in deciding 
whether it should be produced by pow- 
der metallurgy, since not all shapes are 
possible to mold from metallic powders. 
Under compression, metallic powders 
are not subject to the laws of fluid 
pressure distribution, but act rather 
similarly to molding materials such as 
sand. 

Every section of the part must re- 
ceive positive pressure from a moving 
punch. Thus, undercuts, re-entrant an- 
gles, and threads are impossible to 
mold. Such designs, however, can often 
be produced economically by machine 
operations on partially formed blanks; 
side holes can be drilled and tapped and 
undercuts milled. 

Ejection of the part from the die 


must be considered. Two opposing 


tapers over the height of the piece are 
impossible because the piece could not 
be pushed out of the die. 

The part should be relatively short 
in relation to its pressing area if good 
uniformity of density is desired. Fillets 
at sharp corners in the contour normal 
to the pressing direction make it easier 
to properly fill the cavity of the die 
with powder. 

Powder metallurgy products should 
be relatively flat parts with few pressing 
levels. Many flat parts such as spur 
gears, cams, and parts having off-center 


or oddly shaped holes, that have con- 


tours which are difficult to machine can 
be made by the powder metal process. 
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SIZE. The size of powder metal parts 
is a limiting factor only with regard to 
the capacity of available molding 
presses. The larger the capacity of the 
molding press available, the larger the 
size of the parts it can produce. The 
high cost of large equipment and dies, 
however, has limited the number of 
such installations. 


DIMENSIONAL TOLERANCES. Powder 
metal parts can be produced to good 
dimensional tolerances, usually closer 
than can be obtained with most casting 
operations. For small parts, up to 2 in. 
dia, it is not unusual to work to a total 
tolerance of about 0.003 to 0.004 in. 
on diameters, and about 0.005 in. on 
height for parts which are sintered 
only. On parts that are sized or coined, 
the accuracy depends largely upon the 
die. Such parts have been produced 
with tolerances as close as 0.0005 in. 
on diameters and 0.001 in. on the 
height. 


MECHANICAL PROPERTIES. The me- 
chanical properties of the part depend 
on the composition of the metal pow- 
der used and the technique employed in 
fabricating the part. While consider- 
able data are available on the strength, 
ductility, hardness and other proper- 
ties of powder metal parts, it is still 


often desirable to evaluate a powder 


metal part by actually running it in the 
mechanism in which it is to be used. 
Sample parts can sometimes be ma- 
chined from slugs. In some instances, 
a temporary die is built to produce 
sample parts for trial. 

In his selection of material to obtain 
required mechanical properties, the de- 


sign engineer has at his disposal many 


compositions of powder materials. 
They fall mainly into one of four 
groups: Ferrous base; copper base; mis- 
cellaneous; and cermets. 


FERROUS BASE MATERIALS. This clas- 
sification includes iron, steel, and cop- 


per infiltrated iron parts. Ultimate ten- 
sile strength and elongation properties 
of parts made from some typical fe: 
rous powder metal materials are given 
in Table I. These properties were ob- 
tained by employing molding and coin- 
ing pressures of about 60,000 psi. 

By pressing high purity electrolytic 
iron at pressures of approximately 
100,000 psi and coining at these pres- 
sures, Table I, tensile strengths ranging 
up to 65,000 psi can be achieved. Also, 
the tensile strength of such parts can be 
increased to more than 100,000 psi by 
carburizing and heat-treatment. 

This high-pressure method of mak- 
ing high-strength parts, however, is 
limited to parts of. approximately 
one square inch projected area and 
2$ in. total height. For parts having 
larger dimensions, infiltration tech- 
niques can be used to fabricate high 
strength powder metal parts. Infiltra- 
tion is a technique whereby a molten 
copper alloy is allowed to penetrate 
through a porous ferrous structure by 
capillary action. 

In addition to the properties given 
in Table I, infiltrated parts offer excel- 
lent platability, ease of brazing or 
welding, good fatigue properties, and 
excellent damping capacity. The damp- 
ing capacity of infiltrated iron and steel 
is relatively high when compared with 
that of the conventional ferrous alloys. 


COPPER BASE MATERIALS. With the 
development of satisfactory grades of 
pre-alloyed powder, the copper-zinc al- 
loys have come into greater promi- 
nence. In Table I are given some typical 
properties for these and other copper 


base materials. 


MISCELLANEOUS METAL MATERIALS. 
These include: The refractory metals 


such as molybdenum, tungsten, tan- 
talum; the hard metals consisting 
mainly of tungsten carbide-cobalt; the 
contact metals; and the permanent 
magnet materials. 

In the new field of cermets, the 
metallurgist still has much to do to 
improve the physical properties of cer- 
mets, especially their impact strength. 
As with other powder materials, it is 
important that engineers design with 


the special properties of cermets fully 
understood. 


Subsequent Treatments 


Powder metal parts can be subjected 


to several secondary operations to ob- 
tain additional properties. A blue or 
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black oxide film imparts corrosion pro- 
tection to metal parts and improves 
wear resistance. 

Both ferrous and nonferrous high- 
density parts can be plated. For low- 
density parts, to prevent penetration by 
the plating electrolyte, impregnation 
with a plastic is employed to bridge 
surface porosity and fill internal pores. 
This treatment also helps in preventing 
corrosion of the part as a result of seep- 
age of the electrolyte or flowering. 

Almost all powder metal parts can 
be machined. This is a necessary oper- 
ation where threaded holes are required 
or where the final specified shape can- 
not be practically produced in the die. 

Brazing can be performed success- 
fully with coined or infiltrated high- 
density parts. With low-density parts, 
the brazing material may penetrate 
through the pores and result in a poor 
joint. Welding, however, is practical 
with such parts. 

As with conventional steels, the 
properties of ferrous metal parts can 
be improved by heat-treatment. Be- 
cause larger surface areas are exposed 
to the atmosphere during the heat- 
treatment of powder metal parts special 
precautions must be taken to insure a 
balanced atmosphere during elevated 
temperature treatments. 

Sintered ferrous parts can be case 
hardened by means of gas or salt bath 
techniques. The latter, however, should 
be limited to high-density parts. 


NUMBER OF PARTS. It is difficult to 
state what quantities of a particular 
part permit its economical fabrication 


from metal powders. There are case 
histories of difficult-to-machine parts 
where as few as 5000 have been pro- 
duced by powder metallurgy with re- 
sultant cost savings. Usually, however, 
50,000 pieces or more must be pro- 
duced before it is economical to apply 
the process. The chief determining fac- 
tor is the amortization of the die cost. 
Die life depends on many factors, such 
as type of powder used, density of parts, 
and dimensional tolerances. A good 
average rule is to use a minimum life 


of 100,000 pieces for a hardened steel 
die, and 1,000,000 pieces for a die the 
cavities of which are carbide-lined. 
REFERENCES 


1. “Product Designing for Powder Metal 
Parts" by George Stern. ASTE paper 22T42. 


2. "Tooling for Powder Metallurgy" by 
J. F. Kuzmick. ASTE paper 22T43. 
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Table I—Physical Properties of Powder Metal Materials 


Density, Per Cent i Elong., 
grams of int, per cent 
per Theoretical i 
Material cu cm Density 


Reduced Fe 
Electrolytic Fe 


Reduced Fe 
+10% Cu...... 


Reduced Fe 
+0.25% comb. C 
TAE 2.2... 


Reduced Fe 
+0.5% comb. C 
4195 E. LL... 


Reduced Fe 
+0.25% comb. C 
4-295 Cu + 5% Ni.. 


High Density Ferrous Powder Metal Materials Molded and Coined 
at Approximate 100,000 to 120,000 psi 


Electrolytic Fe... 


Electrolytic Fe 

+0.38% comb. C*... 
Electrolytic Fe 

+0.50% comb. C*... 
Reduced Fe 

+0.38% comb. C*... 


Reduced Fe 
+0.50% comb. C*... 


Fe, 75%; Cu alloy, 25% 
As infiltrated.. 30 to 50 50 to 65 
Heat-treated........ 40 to 80 50 to 100 


Fe, 85%; Cu alloy, 15% 
As infiltrated 45 to 60 60 to 75 
Heat-treated....... 85 60 to 125 


Fe, 75%; Cu alloy, 25% 
Comb. C, 0.5% 
As infiltrated 60 to 80 70 to 90 
Heat-treated 60 to 120 | 80 to 160 
Fe, 85%; Cu alloy, 15% 
Comb. C, 0.5% 


As infiltrated 60 to 90 80 to 110 
Heat-treated........ 60 to 120 85 to 185 


Stainless Steel Powder Metal Materials 
Cr, 14.5%; Fe, bal 
Cr, 18%; Ni, 8%; Fe, bal 
Type 302 
SUSPEN even». 


Cu, 881495; Sn, 1092: 
Graphite 114975 


Cu, 85%; Zn, 15% 


Cu, 79%; Zn, 194%; 
Pb, 144%.... 


*Yield and tensile strengths can be increased by appropriate heat-treatments. 
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Fig. 1—(A) Investment :ast- 
ing with sections of various 
thicknesses.—(B) Cross sec- 
tion through casting as origi- 
nally designed.—(C)  Rede- 
sign with a straight through 


core of uniform diameter. 


Dimensional Tolerances 


for Investment Castings 


R. L. WOOD 


President 
Arwood Precision Casting Corporation 


INVESTMENT CASTINGS can be held 
to closer tolerances than any other 
foundry product, but there are definite 
limits of accuracy that can be obtained. 
These limits are based on two separate 
sets of variables that are associated 
with the process: (1) Those that are 
inherent in the process itself; and (2) 
those that are caused by special fea- 
tures of the particular design. Be- 
cause of these variables, the accuracy 
attainable in the casting may vary 
considerably from one piece to an- 
other. 

It is generally stated that tolerances 
of 0.003 in. per in. can be held on 
nonferrous castings, and 0.005 in. per 
in. on ferrous castings. These values 
are simply averages and do not apply 
to all parts, or to all dimensions of 
any one part. 

In investment casting three mate- 
rials must be processed; the pattern 
wax or plastic, the ceramic mold mate- 
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rial, and the metal. To secure identical 
results, all three of these would have 
to be processed under identical con- 
ditions of temperature, humidity and 
time. To control operating conditions 
with this accuracy, would render the 
cost of the process prohibitive. 

The problem of producing accurate 
castings of some designs is relatively 
simple. Such castings usually are of 
a cone or wedge shape. These have 
gradually tapering sections of metal 
increasing in cross section back to the 
pouring gate. In these, shrinkage takes 
place in successively heavier sections 
without causing any strain in the metal 
as it solidifies. 

The greatest application of invest- 
ment castings, however, is in complex 
designs. Frequently these designs in- 
clude interrupted sections, sharp 
angles, and a variety of cores. Such 
designs introduce new variables that 
have marked effects upon the toler- 
ances obtainable. 

For example, the casting shown in 
Fig. 1(A) has sections of several 
thicknesses as shown in Fig. 1(B). 


When gated from one end, one heavy 
section is fed properly, but the section 
at the other end is fed through the 
thin intermediate section. The thin 
section, cooling first, may leave the 
extended heavy section without any 
liquid metal to draw upon as it in its 
turn solidifies later. 

Gating this casting at only one end, 
therefore, may produce two undesir- 
able effects. (1) Shrinkage or den- 
dritic porosity may result; (2) Stress 
set up by the different rates of solidifi- 
cation may cause a twist or warp that 
affects the dimensional accuracy and 
the angular relationships between parts 
of the casting. 

Gating the casting at both heavy 
sections would overcome these diffi- 
culties. The cost of the casting would 
be increased considerably, however, be- 
cause more metal must be melted, 
fewer pieces can be fitted in the flask, 
and a second gate must be cut off 
(this time on a round surface). Thus 
the cost of holding this particular 
casting within close tolerances by 
feeding the metal through two gates 
may be quite considerable. 

For this casting, the solution was a 
compromise. The central core was con- 
tinued through in the uniform diameter 
shown in Fig. 1(C), and the end of 
the cored hole in the casting was ma- 
chined to the required size and shape. 
The cost of the machining was less 
than the added casting cost necessary 
to produce the piece as designed. 

Flatness of an extended surface is 
another requirement that can be met 
only when careful design is used. The 
difficulty arises when a slight volum- 
etric shrink of the wax, while cooling 
in the pattern die, results in a slightly 
dished surface. To avoid such dishing, 
the pattern must be left in the die 
under pressure until it cools to room 
temperature. This operation increases 
the cost of the pattern. Sometimes it 
costs less to add a little metal and 
surface grind the casting than to ob- 
tain a pattern without dish. 

A sharp right angle at the junction 
of two surfaces often introduces zones 
of weakness. A slight fillet in such 
corners will do much to strengthen the 
zone especially when straightening op- 
erations are required. 


REFERENCE: 


“Design and Dimensional Control for 
Investment Castings,” by R. L. Wood. 
ASTE paper 22T25. 
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Fig. 1—Rubber forming method.—(A) Ram pressure on 
rubber ring clamps tube to plug.—(B) Interlocking groove 
in tube is similarly formed against flange. The applied 
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RUBBER FORMING 
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of Thin-Walled Parts 


FRANK R. SIMPSON 


Director of Research and Development 
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THIN-WALLED METAL PARTS can be 
joined by brazing, soldering, spot weld- 
ing or crimping. The first three meth- 
ods may not leave smooth surfaces, 
thus requiring additional machine 
work. And, they may not insure leak- 
proof or air-tight joints that are usually 
required in containers. Also, residual 
stresses may be set up at the joint 
which often cause joint failure under 
shock loading. 

Crimping by rubber forming, how- 
ever, plastically deforms the part and 
does not set up joint stresses or mar 
the surface finish. Joints can be made 
leakproof or air-tight since there is no 
seam between the mating units. Als 
joint fabrication costs are low for pro- 
duction of assembled parts in large 


quantities. Once the proper tools are 
designed and fabricated to suit an 
available press, the mating contours in 
the parts can be produced with only 
occasional replacement of the rubber 
forming member. 

Setups for rubber forming are shown 
in Fig. 1. Compression of the rubber 
ring by the loading ram in the sup- 
porting member causes the rubber to 
exert pressure in all directions, thus 
forcing the metal to plastically deform 
to the shape of the supporting groove. 
Adequately supported rubber can trans- 
mit pressures of 30,000 psi, which is 
sufficient to deform certain steels, 
brasses and other metals. 

A correct grade of rubber must be 
used for making the clamping rings or 
plugs. It must be hard enough to with- 
stand squeezing or fringing into the 
clearance spaces under high pressures, 
without splitting or cracking; yet be 
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“~~. Clamping support 


Thin walt 
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pressure determines the type of juncture that is produced; 
junctures range from flexible joints and sliding fits over 
tubing to hydraulic seals and mechanically-rigid joints. 


flexible enough to flow wherever re- 
quired. Also, it must have high fatigue 
endurance under repeated compressive 
loads. Excellent results have been ob- 
tained with neoprene rubber made to 
specification SC-718, ASTM, D-735- 
48T. Shore hardness should be about 
70 and the tensile strength 18,000 psi 
or more. 

In practice, several rubbers are used 
with properties best suited for the 
particular piece being formed. Metals 
having high yield points require rub- 
ber having less ductility and greater 
resistance to plastic flow than do metals 
with lower yield points. 


Metals Used in Rubber Forming 


The metals being formed should be 
as ductile and have as low a yield point 
as their ultimate use will permit. Ordi- 
narily, the hardness of these metals 
should not be greater than Rockwell 
B 60. Annealed copper, tin, and alumi- 
num can be plastically deformed more 
readily than can the harder steels, 
brasses and similar These 
harder metals can be satisfactorily de- 
formed if the amount of displacement 
and the angle of bend is small. 

The range of application for rubber 
forming three typical metals is indi- 
cated on their stress-strain 
shown in Fig. 2. The 
straight-line portion of 


metals. 


curves 
steeper the 
the curve 
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Rubber Forming of Thin-Walled Parts - continued 


and the higher the curved portion, the 
greater is the difficulty of forming the 
metal. The degree of strain or defor- 
mation of the work must be sufficient 
to stress the material at the joint well 
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Fig. 2—Typical stress-strain curve for leaded brass, 


cartridge brass and low carbon deep-draw steel. 
Elastic recovery can be reduced to a minimum by 


an excess of pressure during forming of the joint. 


After 
WIDE GROOVES 


into the plastic region, represented by 
the upper portion of the curve. 

Elastic recovery can be reduced to a 
minimum by an excess of pressure dur- 
ing the forming of the joint. 


Part Design 
In general wall thickness of parts 
should not exceed 0.100 in. However, 
the method is most applicable to metal 
thicknesses of 0.030 in. or less. 
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Fig. 3—Typical groove designs.—(A) Severe service design is 
flat-bottomed and sharp-cornered at the point of contact with the 
thin-walled part. Edges dig into the tube after crimping and 
give a high resistance to axial thrust.—(B) Light service groove 
is made to a constant radius and gives a smooth contour without 
sharp edges. Groove with smoother contour is desirable for 
metals susceptible to cracking or splitting when cold-worked. 
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After 
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Fig. 4—Typical contours obtainable with crimping. Metal 
never fully fills the groove in the mandrel because there is 
always some springback. More deformation is possible with 


Fig. 5—Typical variations in joint design.—(A) Severe ser- 
vice suitable for moisture sealing in severe service and for 
parts subject to shock loads.—(B) For light service where 


Dis 


wide grooves than narrow ones. Shallow grooves are used 
for joined parts that can be readily separated with a small 
force or to impose a limitation on holding power of joint. 


strength is not a major factor, or where two parts must 
separate on applying a determined load.—(€) Typical pro- 


portions of a crimp for joining two thin-walled parts. 
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Once the wall thickness is selected 
to fit the part requir:xment, minimum 
groove width w should be about 4 to 
8 times the wall thickness 7; and the 
depth d about 14 to V$ the width. For 
severe service, the radius r of the 


FLANGED TUBES 


Fig. 6—Five different types of joints for typical applications. 
Threads are formed on the refillable container by crimping 
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corners of the groove should equal the 
depth. Figs. 3 through 7 show some 
typical groove designs, contours, ap- 
plications and locking shapes. 

The joining of parts by rubber 
clamping has certain limitations in- 
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herent in the process. These apply 
mostly to designs where the joint or 
crimp are inaccessible to the clamping 
tools. Figs. 8 and 9 indicate difficult 
joining conditions and some design 
errors that affect joint strength. 


Sealing crimp. 


SEALED CONTAINER 


,Crimped thread Crimp 


— 


using male and female mandrels of different sizes. To avoid 
sharp bends and cracking, a rounded thread type is used. 


Fig. 7—Typical joint lock 
designs. Designs (4) and 
(B) have both axial and 
rotational constraint of 
mating or matching parts. 


Fig. 8—Poor designs for rubber forming.—(A) External 


pressure will buckle the pieces because a backing mandrel 


cannot be used to support the thin-walled parts. (B)—Large 


Crimp ~~~. 


А Unequal diometers-<-- 


Fig. 9—Errors in designing. Variations in diameters Dı and 
D> will cause heavy axial thrust on the thin-shelled part, or 
an unbalanced load on the mating part will force the work 
away from its correct position.—(B) Non-cylindrical parts 
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ot corners 


shoulder close to joint does not permit access of clamping 
fixture.—(C) Backing mandrel cannot be removed unless 
made collapsible; this slows process and may mar work. 


-Clamping ring 


ZA - 
Crimp too close to end of \ 
support causes collapse of tube 


may not fit if the clearances at the restraining surfaces on 
each side of the rubber ring exceed about 1/16 in.—(C) 
Forming ring is placed too close to mandrel and causes the 
rubber to exert pressure beyond the supported section. 
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Fig. 1—Flour mill grinding rolls centrifugally cast 
from two melts of iron to get special properties. 


From SAE Journal 


Fig. 2—Hardness at different areas in cross section 
of flour mill roll. Bore is free of unwanted cementite. 


DUAL-METAL Centrifugal Castings 


HOLLOW CYLINDRICAL PARTS can be 
cast centrifugally of two or more dis- 
similar metals rather than of one com- 
promise material that does not meet 
sufficiently both the fabricating and 
the service requirements. With dual- 
metal centrifugal casting; a metal of 
one base composition with desired 
properties can be selected for the outer 
portion of the cylinder and another 
base material having different required 
properties can be chosen for the inner 
portion. Thus a combination of prop- 
erties can be attained that are not 
obtainable in a part cast only from 
either composition. 

This casting process, however, has a 
limitation. The outer metal of a dual- 
metal hollow cylinder cannot have a 
melting point substantially lower than 
that of the inner metal. For example, 
since the melting points of metals such 
as copper, brass, and bronze are lower 
than that of steel, these metals can 
be satisfactorily cast inside an outer 
wall of steel. Reversing the position of 
these metals, however, would result in 
an unsatisfactory bond. With this lim- 
itation, the process assures a true 
metallurgical bond and sound metal 
free from imperfections. 

A technical report on centrifugal 
castings prepared for the SAE Iron and 
Steel Technical Committee cites six 
examples to show the versatility that 
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dual-metal centrifugal casting offers 
the design engineer. The first three, 
namely grinding rolls, mixer bowls, and 
textile rolls, have proved their merit 
in service. The last three, namely slush- 
pump liners, lift pipe sections, and 
chemical pressure piping, at the time 
reported had not been subjected to 
prolonged field tests although there is 
adequate basis to expect that service 
requirements will be adequately met. 

Although the application of the ex- 
amples cited are foreign to the auto- 
motive field, dual-metal centrifugal 
casting might have some advantages in 
improving the quality of some prod- 
ucts. Brake drums could be centri- 
fugally cast with an outer layer of cast 
steel and an inner layer of cast iron. 
Cylinder liners could be produced by 
the same process; where severe corro- 
sive conditions exist, layers of stainless 
steel and ordinary steel could be com- 
bined in one casting. 


GRINDING ROLLS. Many grinding 
rolls are statically cast using a single 
material. The usual requirements for 
the casting are: a white iron outer 
layer having a uniform depth of chill 


to assure long grinding life; an inter- 
mediate zone of mottled iron; and a 
core of normal gray iron that will be 
free of cementite so that the core can 
be readily machined. To achieve these 
characteristics, such castings must be 
subjected to specially controlled cool- 
ing conditions while the metal is 
freezing. 

Flour mill grinding rolls, Figs. 1 
and 2, centrifugally cast from two sepa- 
rate melts of iron avoided variations 
in the depth of chill and the necessity 
for special cooling techniques. The 
outer part of the dual-metal rolls was 
cast from iron the chemical composi- 
tion of which was adjusted to produce 
a chill layer of controlled hardness and 
of a predetermined thickness, and also 
to avoid mottle structure formation. 
The inner portion of these rolls was 
cast from iron of a different composi- 
tion; one that was free of unmachin- 
able cementite. 


MIXER BOWLS. Mixer bowls for 
kneading, grinding, and mixing plas- 
tic, rubber, and doughy materials 
should be made of a metal that is both 
strong and wear resistant. Steel is nor- 
mally used. To overcome excessive 
abrasion in service, the inner surfaces 
of steel drums are frequently faced by 
welding on a layer of hard material. 
Application of the facing is a manual 
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Fig. 3—Cross section of mixer bowl. The outer layer 
is SAE 1020, the inner lining is of Ni-hard cast iron. 


operation in which skill is required to 
obtain a tight uniform bond between 
the two metals. 

To effect economies, a centrifugally 
cast dual-metal bowl was developed, 
Fig. 3. The outer layer of the bowl 
was cast of steel, SAE 1020, thick 
enough to permit welded fabrication 
and to withstand the mechanical 
stresses produced by centrifugal forces. 
The cast inner layer was a hard white 
cast iron, Ni-hard. This material ful- 
filled the  erosion-resistant require- 
ment. These mixing bowls have been 
giving satisfactory service for a num- 


ber of years. 


TEXTILE ROLLs. The surface of rolls 
for dyeing and finishing cloth should 
be of a non-corroding and non-stain- 
ing material The usual method of 
fabricating these rolls was to clad a 
heavy cast iron roll or a heavy wall 
seamless tube with stainless plate. The 
stainless plate was preformed to a re- 
quired curvature and seam welded, 
usually in three segments, over the 
inner core. The ends were then welded 
to the underlying end of the core. 

Unless the anchorage to the base roll 
is adequate, the stainless plate either 
slips or cracks at the weld. Also, the 
longitudinal weld seams, even though 
ground so smooth that they are diffi- 
cult to see, leave a transfer mark on 
the textile being finished. 

With the development of the dual- 
metal centrifugal casting process, these 
rolls are now cast with an outer layer 
of stainless steel (about V^ in. thick) 


and a massive inner core layer of gray 
cast iron. Such rolls have given good 
results for several years. 


SLUSH-PUMP LINERS. Rotary drilling 
of oil wells requires the continuous cir- 
culation under high pressure of spe- 
cially developed muds. Some of these 
muds are corrosive. The cylinder walls 
of the pumps that circulate these muds 
are subjected to severe abrasion. As a 
result, the life of pump lining is fre- 
quently short. Since down time in a 
well drilling operation is costly, a 
pump liner material that gives superior 
performance is needed. 

Currently undergoing field tests is a 
centrifugally cast dual-metal cylinder 
especially developed for this applica- 
tion. The outer part of this cylinder is 
steel, the inner wearing part is high 
chromium, about 25 to 27 per cent, 
high carbon cast iron. At the date of 
the committee report, the combination 
of high hardness and corrosion re- 
sistance offered by the relatively high 
chromium content has yielded a ten- 
fold increase in liner life. 


LIFT PIPE SECTIONS. In cracking crude 
oils, hot (1050 F) synthetic catalyst 
pellets are lifted pneumatically 
through a vertical pipe. These pipes 
range from 1424 to 251^ in. ID; some 
are 325. ft high. Quantity of pellets 
moved ranges from 90 tons per hr for 
small pipes to about 400 tons per hr 
for the large ones. 

The abrasive action seriously short- 
ens the life of the lift pipes at points 
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Fig. 4—Bond between the low alloy steel layer and 
the high chromium high carbon layer of lift pipe. 


where the pellets suddenly change their 
direction of flow as they enter and 
leave. Repair or replacement of the 
pipe results in costly shutdowns. 

In an attempt to overcome this prob- 
lem, a dual-metal centrifugally cast lift 
pipe was developed. The outer layer 
is of low alloy steel; the inner layer is 
an abrasion resistant metal. Two dif- 
ferent liner materials are being field 
tested. One is Ni-hard; the other is a 
high chromium (25 to 28 per cent) 
high carbon iron. In Fig. 4 is shown 
the microstructure of the bond be- 
tween the layers. 


CHEMICAL PRESSURE PIPING. Many 
tubular containers used in chemical 
processing must have high strength 
and a high order of chemical inertness. 
To satisfy this need with a single 
material would be costly, because of 
the heavy wall thickness required. 

For such applications, a dual-metal 
casting might be used. The outer wail 
could be a relatively inexpensive low 
alloy steel, such as SAE 4120, and the 
inner liner a stainless austenitic steel. 

In a development for this applica- 
tion, composite centrifugally cast billets 
of 534 in. dia have been hot—or 
cold—reduced in progressive steps to 
about 194,4 in. dia, with attendant re- 
duction in wall thickness from 1% « 
to I$ inch. A suitable quench can raise 
the strength of the low-alloy steel to a 
high level without affecting the aus- 
tenitic stainless material The relative 
positions of the two dissimilar mate- 
rials, of course, could be reversed. 
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Clad steel is a composite plate—a carbon or low alloy steel backing plate inseparably bond- 


ed to cladding of a corrosion-resistant metal. Cladding thickness ranges from 5 to 50 per 


r~-Stee/ lip 


ЕТ Root gap 


Fig. 1—Single **V" butt joint for 
material !4 to 1!4 in. thick. Angle 
A is 45 deg for !4 to !$ in. thick; 
35 deg for ?4 in.; and 30 deg for 
1 to 1% in. sections. The lip of 
steel prevents pickup of the high 
alloy cladding in mild steel weld. 


p Double U 
"la 
Fig. 4—Double “U” and “V” butt 
joints are used on the heavier gages 
of material. The center lines of the 
bevels should be offset to favor 


the clad side. This will result in 
the use of less alloy weld metal. 
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BUTT JOINTS 
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Fig. 2—Single “U” butt joint for 
material 34 to 2 in. thick. Angle B 
is 10 deg for all thicknesses. The 
lip of steel should be 1/16 to 3/32 
in. for single “V” and “U” butt 
joints. Root gap for single “V” and 
single “U” is zero to 1/16 inch. 


Root gap--»l L-- 


Fig. 3— Single “J” butt joint for 
material % to 2 in. thick. A 30 
deg angle is used for all thicknesses. 
The lip of steel should be 1/16 to 
3/32 in. Radius for “U” and “J” 
butt joints is 14 in. Root gap can 
vary between zero and 1/16 inch. 


Copper backing strip ~ 


Fig. 5—For lighter gages, 3/16 in. and less, the minimum clad should 
be 20 per cent to allow for sufficient cladding and adequate corrosion- 
resistant welds. For a butt weld, (A), the plate is beveled approximately 


70 deg on the steel side. 


a butt joint similar to (B) can be used. 


Where unfused areas will not be detrimental 


If backing strip is used, (C), 


groove should be 5/32 in. wide by 1/16 in. deep. A \% in. root gap is used. 


TEE AND LAP JOINTS 


Fig. 1—Whenever possible the steel side should be welded first. When 
the vertical member is butted to the vertical clad surface, (A), alloy 
welds must be used. If the clad surface is stripped back, (B) and (C), 
a steel weld can be used on the stripped side as shown. 


Fig. 2—Lap joints are similar to Tee joints. Alloy welds must be used 


whenever clad is present. 


Full alloy welds are needed for joint (A). 


In joints (B) and (C), steel welds can be used on bottom surfaces. 


DOUBLE CLAD STEEL 


Fig. 1—Two methods are in gen- 
eral use for welding double clad 
steel; in both double “V” or “U” 
edges are used. For light gages, 
(A), a steel weld is made on one 
side to about 1/16 to \% in. of 
the clad line; then the other side 
is back chipped and alloy welded. 
For heavy gages, (B), steel welds 
are first made on both sides and 
then followed by alloy welds. 
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H. F. PETERS 


Manager, Technical Service Department 
Lukens Steel Company 


Clad Steel Plate 


cent of the total plate thickness. The backing plate material is selected to contribute 


strength properties; the cladding to supply the required corrosion or abrasion resistance. 


CORNER JOINTS 


Fig. 1—Used on unstressed or heavily supported structures.—(A) The 
top surface and the inside of the joint are welded with an alloy elec- 
trode. This type of joint has an undesirable unfused area.—(B) Two 
methods can be used. Clad side can be welded with an alley electrode. 
The outside is then back chipped to the diagonal cut and the remainder 
of the joint alloy welded. Second method is to weld steel side, back chip 
from inside, and finish weld with an alloy electrode. 


— ст — EE 
14) (B) 


Fig. 2—Joints (A) and (B) should be welded throughout with an 


alloy electrode. After welding the clad side, the steel side should be . 


back chipped or ground, and welded with an alloy rod. Whenever 
possible, corner joints should be avoided and a formed section (C) 
used. This design is more desirable from a fabrication standpoint. 


BLIND JOINTS 


Copper Ll 


backing strip- 


Fig. 1—When clearance is avail- 
able, a copper backing strip is 
used. When cladding is on blind 
side, entire cross section of joint 
must be welded with an alloy elec- 
trode. If steel section is on the 
blind side, steel electrodes are 
used up to 1/16 to \%& in. of clad 
line, and then finished with alloy. 


Ча 
—— A Поу 


Fillet weld’ backing strip 


Fig. 2—An alloy backing strip can 
also be used. When the clad mate- 
rial is on the blind side, a back- 
ing strip of the same analysis as 
the cladding must be used. When 
the clad surface is exposed, a steel 
backing strip can be used. 


SOME TYPICAL CLAD STEEL ASSEMBLIES 


¥= OD 


Solid olloy flonge 


Alloy weld’ 


ERE 
AE 


ЕГА 


—Solid alloy 
or clod — NY 
7 ZILLA pua 


Von Stone Ends 
Alloy Tubing 


Two or three 
Bolt layers of alloy 
circle -- weld, „у 


AVAN 
N Win, of 
two layers 


of alloy 
weld metal 


Steel weld” 
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Cold 


orming 


Process 
or 


Hollow 
Parts 


CLAUS L. SPORCK 
The Lodge & Shipley Company 


FLAT OR PREFORMED metal blanks are 
cold formed in the Floturn process into 
symmetrical hollow cones and cylin- 
ders. In this process, a hardened and 
polished roller, with a rounded edge, 
applies sufficient pressure to cause the 
metal of the blank to flow tightly 
against a revolving hardened mandrel. 
The roller while traversing along the 
work at a constant rate gradually forms 
the part along a helical path. 

In the portion of the blank squeezed 
between the roll and the mandrel, Fig 
1, the metal is displaced by plastic de- 
formation as the roll advances. This 
metal flow extends the length of the 
blank until the workpiece is formed 
to the shape of the mandrel. 

This process differs from conven- 
tional metal spinning processes in that 
the metal is squeezed ahead of the roll 
to elongate the part. The diameter of 
the blank is exactly that of the finished 
workpiece. The thickness of the blank, 
however, is considerably more than that 
of the wall of the finished piece. The 
thickness of the side wall of the fin- 
ished piece, Fig. 2, depends on the 
thickness of the blank, wall angle, and 
setting of the roll relative to the 
mandrel. 

The blanks from which 
parts can be made include: 


D24 


finished 


Hardened and ground 
stee! mandrel 


Tolerance on жоі! 
thickness + 0.002 in 


intermediate 
shape .. 


N _— Roller 
DN 
8 , pions 


“Finished port 


Fig. 1—Relation of metal thickness of blank to metal thickness of formed part. 
In the Floturn process the metal is displaced parallel to the mandrel axis as 
the pressure roller traverses a path parallel to the mandrel surface. 





Compound Cup 


Depth of drawn cup 
L,~ Depth of rolled cup 
T = Orig. thickness of wall 
T, = Rolled thickness of wal! 


Stepped Cup 


Fig. 2—Thickness of side walls of simple, compound, and stepped-cone cups 
depends on thickness of blank, wall angle, and setting of roll relative to mandrel. 
In forming the part, the original diameter of the blank remains unchanged. 
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Fig. 3—I nner exhaust cone made from 
stainless steel.—(A) Made by forming 
and welding.—(B) Made by Flo-Turn- 
ing over a mandrel. Reduction in metal 
thickness is 72 per cent. 





(A) Blonk (Wrapped ond Welded Cone) 





1. Flats blanked or sheared from 
rolled stock. These may be round, 
square, or hexagonal, depending upon 
the shape of the flange, if any, that is 
to be left at the end of the part. 

2. Cups made by coining or draw- 
ing. 

3. Cylindrical shapes machined from 
forgings. 

4. Centrifugal castings or press- 
formed shapes. 

5. Cones or cylinders made by wrap- 
ping and welding sheet or rolled stock. 

Most types of steels whether from 
sheet, plate, bar stock or forgings can 
be formed. Other materials are: all 
300 and 400 series stainless steels, 
Timken 16-25-6 and 17-22S, Haynes 
Multimet, Universal Cyclops Uniloy 
19-9, Inconel and Inconel X, Titanium 
TI-140-A, aluminum and copper. 

The thickness of the blanks that can 
be used varies from about 94, in. for 
the harder materials up to V2 in. for 
metals such as mild steel, brass, copper 
and aluminum. 

To the design engineer, the im- 
portant aspects of this development 
are: Metal conservation; production of 


0078 


(B) Finished Cone 


Fig. 4—Cone with internal and external flanges and steps in bore.—(A) Blank 
formed by wrapping and welding.—(B) Finished cone. Blank was flanged at 
small end in press, then flow rolled. Direction of working is a spiral path. 


Fig. 5—Microstructure of type 302 stainless steel. Magnification: 250X.—(A) 
Original material before it was worked.—(B) “Flowed” metal after working. 
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complex shapes; improvement of 
physical properties; closer tolerances; 
and possible cost reduction. 


METAL CONSERVATION. No metal is 
removed from the blank as it is being 
formed. Thus scrap metal loss, if any, 
is low. A jet engine component weigh- 
ing 50 lb when finished, was formerly 
machined from a forging that weighed 
369 Ib. The part was produced by 
Floturn process from a 65 lb blank. 


PRODUCTION OF COMPLEX SHAPES. 
Since the metal ahead of the roll is not 
disturbed, a flange having the same 
thickness as the original blank is 
readily obtained. This is done by 
stopping the traversing motion of the 
roll carriage at the appropriate point 

Blank thickness in being formed to a 
wall thickness can be reduced 75 per 
cent or more, Figs. 3 and 4, even with 
some of the hard-to-form metals. Some 
difficulty is generally experienced when 
attempting to close the metal in too 
rapidly. It seldom is practical to form 
a cone with an angie less than 30 deg 
in one pass. With such forms, it is 
better to preform to an intermediate 
shape, or make two passes. 


PHYSICAL PROPERTIES. Because Flo- 
turn is a cold forming process, it can 
change the physical properties of the 
metal in the formed part. Tests on 
type 302 stainless steel showed almost 
100 per cent increase in tensile 
strength; after stress relieving the in- 
crease was about 40 per cent. In Fig. 5 
is shown the refinement in grain size 
obtained by flow rolling type 302 
stainless steel. 


TOLERANCES. On wall thickness, tol- 
erances can be held to plus or minus 
0.002 in. When extreme precision is 
required, 0.015 to 0.020 in. of metal 
may be left for final machining. 


Cost. The economics of the process 
are closely allied with the particular 
application. For some parts, this proc- 
ess may not be able to compete with 
deep drawing, especially if the number 
of parts produced can quickly amor 
tize die costs. For other parts, a study 
might show that the process can be 
justified on the basis of material con- 
servation or total tooling costs. 


REFERENCE: 


“New Cold Forming Process Saves Time 
and Material” by Claus L. Sporck. Product 


Engineering, June 1954, p 186 
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Light but husky. This 24" x 
20.5” Doehler-Jarvis die casting 
is made of aluminum for light- 
ness. But die casting gives it its 
high strength. With die casting, 
wall thickness is increased where 
stresses are high. 


^ VEI INIT LAL qp eem eT paper a 
; EXER II Sa ae ap RE ГЫ a 


How Doehler-Jarvis helped the makers of 


cut weight and costs 


OT SO LONG AGO, Sears 

Roebuck wanted a 19” rotary 

lawn mower to round out their “Crafts- 
man" line. 


At Sears Newark Stove Division 
project engineers centered on the 
housing as the place to obtain rugged- 
ness, lightness, speed of production 
and good appearance. 


When the blueprints were com- 
pleted, Doehler-Jarvis, long a New- 
ark supplier, submitted a competitive 
bid on this large aluminum die cast- 
ing, and was awarded the. order, as 
Newark knew they could depend on 
Doehler-Jarvis for prompt deliveries 
and high quality die castings. 


In due course, details were finalized 
and the die casting shown is the result. 


This Doehler-Jarvis die casting has all 
that was asked and then some 


It has light weight . . . strength to 
resist vibration and shock . . . dimen- 
sional accuracy... 
waste ... built-in savings in machin- 


minimum metal 


ing and assembly . .. smooth surfaces 
that accept a one-coat finish .. . crisp 
detail in product name. 


In addition, with die casting, it was 
economically practical to provide in a 
single piece such features as the inset 
wheels for side-trim mowing and the 
grass discharge channel. 
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this Sears-sold rotary mower 


* h * * 
with die casting 
^ 


Doehler-Jarvis die castings are at the 
heart of many successes 


Time after time Doehler- Jarvis and 
its customers have gotten together 
and come up with outstanding 
successes. Take Singer's Slant 
Needle Sewing Machine; Under- 
wood's Model 150; The AMF 
Pinspotter; Bell Telephone and 
Western Electric's unique N-1 Carrier 
Terminal; Automatic Transmission 
Housings; many, many others .. . in- 


e = 
cluding other leading rotary mowers. Doehler-Jarvis 
5E 
It can happen this way with you if, Divisior 


at some point in the early planning ай A 


stage, you call in Doehler- Jarvis. With ; m 

i à : n 
more than 50 years in the die casting National Lead Company p/ 
business, we’re pretty sure to have ПО ОЕР ЧИНЬ ivano 


something to contribute. 
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Another (m? Product 


CLEVE-WELD PROCESS 


RIMS+RINGS+WELDMENTS 


We're here to help you cut costs on 
Circular Welded Steel Products! 


Here at your service are not only our specialized facilities 


for the low-cost production of circular steel parts by the 
Cleve-Weld Process but also a wealth of specialized know-how. 
Our staff of engineers and metallurgists know, from 

nearly half a century of exnerience, how best to achieve 
maximum economies both in design and production. 


Rings, such as gear blanks and motor or generator shells, made 
by the roll-and-weld Cleve-Weld Process have greater 

strength and superior electrical characteristics because the 
grain of the metal runs radially. 


Whatever your needs are for production-quantity circular 
steel products, we'll gladly submit our suggestions and 
proposals. Write—The Cleveland Welding Company, West 
117th St. & Berea Road, Cleveland 7, Ohio. (Subsidiary 

of American Machine & Foundry Company) 


This illustrated brochure shows our facilities m. 
and describes what the Cleve-Weld Process —— ر‎ 
is and does. Write for it. ect EF EL b 
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Pittsburgh Gear switched to SSW forged blanks... 
saved 50 minutes machining time, extended cutter ‘ife 20% 


Switching to SSW forged steel gear blanks in manufactur- 
ing mine locomotive drive gears has given Pittsburgh Gear 
Company, Neville Island, Pa... . 

* savings of 50 minutes in machining time. 

* better performance through extended service life 

(cutter life increased 20%). 

* reduced cutter costs. 

* over-all lower initial cost. 
These benefits are a result of the more uniform internal 
structure and close dimensional tolerances of Standard 
Steel blanks. Machining is done on a single setup, at a 
maximum speed because there's no danger of hard spots 
and sand porosity as with castings. 

Pittsburgh Gear knows their product must take extra- 
rugged wear in mining operation. In service the continuous 


Standard Steel Works Division 
BALDWIN -LIMA -HAMILTON 


starting and stopping of mine locomotives subjects drive 
gears to severe shock and impact. The denser core and 
uniform structure of these SSW blanks contribute to 
longer-lasting, failure-proof life of these gears. 

Like Pittsburgh Gear, you can improve your product 
and cut your costs with SSW forgings. Write today for 
the new Standard Steel folder on forged weldless rings 
and flanges. Use the coupon now. 


Dept. 8571, Standard Steel Works Division 
Baldwin-Lima-Hamilton Corporation, Burnham, Pa 


Please send me new Standard Steel Works folder containing detailed 


information on Forged Weldiess Rings & Flanges. 


Name 
Company 
Address 


CNY — Zone———— State 


^ 
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ARO NIENTT Boru 
FABRICATION +y 


A WIDE RANGE OF SHEET AND PLATE PRODUCTS 


Put your sheet and plate fabrication problems up to 
specialists. Whether you require ten or ten thousand 
components, Kirk & Blum has the men, machines, methods 
and materials to do the job quickly and economically. 


CONTROL CABINET 
Steel and alloy fabrication . . . sheet, plate and light 


structural... has been a Kirk & Blum specialty for 47 years. 
Exceptional experience and complete facilities up to 15" 
thickness in carbon steel, stainless, aluminum, monel 
and other alloys. 


Send prints for prompt quotation or write for your copy 
of the latest Kirk & Blum Sheet and Plate Fabrication catalog. 
The Kirk & Blum Míg. Co.,3236 Forrer St., Cincinnati 9, Ohio. аз rm 


KIRK : BLUM 


SHEET 
METAL GASOLINE TANK Р 
FABRICATION rd FUEL OIL TANK 


We 
Bring Your Prints 
To Life. 


Y CONDENSATE 
GASOLINE PUMP STAMPINGS HYDRAULIC RESERVOIR PUMP TANK 
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Mechanized 
HELIARC 
Welding 


{ HELIARC HW-.13 torch 
is being used to weld a 1/8-in. 


aluminum radar cover. 


\ West Coast aircraft plant is using mechanized HELIARC welding to join the com- 
ponents of aluminum sealing covers for radar units—the "Seeing Eyes" of the Armed 
Services. Welding time has been cut from one hour and 10 minutes to only six minutes 
and the plant now turns out eleven covers in the same time it had formerly taken to 
produce one. Because the HELIARC welds are shielded from contamination by an inert gas, 
such as argon, they require no flux and are free from porosity and oxide inclusion. This 
results in fewer rejections and a minimum of finishing. 

LinDE’s team of welding processes—HELIARC, sigma, and UNioNMELT welding—can 
help you cut production costs and increase quality. Whatever your welding problem- 
one of LiNpE's electric welding processes can do, the job efficiently and economically. 
Call your local LINDE representative today for more information. 


Linde Air Products Company 
A Division of Union Carbide and Carbon Corporation 


3O East 42nd Street UCC] New York 17,N. Y 
Offices in Other Principal Cities 


In Canada: LINDE AIR PRODUCTS COMPANY 
Division of Union Carbide Canada Limited, Toronto 
(formerly Dominion Oxygen Company) 


" Heliarc Unionmelt'' and ' Linde'' areregistered trode-morks of Union Carbide and Corbon Corporation. 
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ҒАСТ: К 
Steel is two and one E { 
half times as rigid os T 
Быр; GRAY IRON " ү 
STEEL Le : L 11 Dg 
Tensile strength ЕЕ GRAY IRON 


STEEL 


STEEL GRAY IRON 


` AND SO... by manufacturing your products from welded steel, costs can be reduced up to 50%. 


ee — — — 


ORIGINAL CONSTRUCTION 


WEIGHS 4900 LBS. 
PURCHASED CASTING COSTS $875 


WELDED STEEL DESIGN 
WEIGHS 2500 LBS. 
FABRICATED COSTS $536 


Design tor Steel 


CUTS COST 39%... CUTS WEIGHT 51% 


OMPARE the two designs for a machinetool HOW TO PUT 
base. The steel design takes 2400 pounds less WELDesign TO WORK 


material, yet is actually 40% more rigid. The in- 
и y oa y 40% E I Lincoln's method for 
creased rigidity means more accurate alignment converting designs to 


* , welded steel is 1n 
of bed ways ... greater precision to meet today's WELDesign manual. 


close tolerances. For details, write... 


THE LINCOLN ELECTRIC COMPANY 


Dept. 1310, Cleveland 17, Ohio 
The World’s Largest Manufacturer of Arc Welding Equipment 
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[GRAVER] Fabricates All-Welded Revolving Frames 
for ub Power Shovels 


The versatile P&H Dragline pictured above, feeding rock 
onto a conveyor (Model 1055 LC) uses an all-welded 
revolving frame for extra strength. Graver recently fabri- 
cated five such assemblies for the Harnischfeger Corpora- 
tion, one of which is shown in the inset. 

This is an integrally welded rigid unit of box section 
design to withstand the great variety of stresses it will 
encounter. Traditional Graver quality is seen in the uni- 
form welds which were inspected during manufacture by 
the most modern and comprehensive techniques. These 
include the initial accurate dimensional inspection on spe- 
cially designed layout tables, periodic visual inspections, 
and magnetic particle and X-ray inspections. 

Graver has achieved a reputation for developing new 
equipment and advanced techniques and is expert in weld- 
ing carbon and stainless steels, and aluminum. For the 
more complex, difficult welding problems consult your 
Graver engineering representative. Meanwhile write for 
new illustrated brochure, *WELDMENTS." 


GRAVER ... Source for 


quality weldments 
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GRAVER TANK & MEG. CO. INC. 


East Chicago, Indiana 


CHICAGO * NEW YORK e PHILADELPHIA « EDGE MOOR, DEL. « CATASAU- 
QUA, PA. e PITTSBURGH + CLEVELAND + DETROIT « TULSA + SAND SPRINGS, 
OKLA. « HOUSTON « ODESSA, TEXAS « CASPER, WYO. + LOS ANGELES 
FONTANA, CAL, + SAN FRANCISCO 





MAGNESIUM and ALUMINUM DIE CASTINGS 


OFFER SAVINGS- 
VERSATILITY and 
FREEDOM of DESIGN 


More and more channels are now open to manufacturers for the application 
of die cast parts in magnesium or aluminum. These tough, durable, and 
mechanically strong metals afford many advantages. In addition to their 
availability, production costs can be lowered and great savings in weight of 
products effected. By die casting with these new lightweight alloys, greater 
scope is offered to the engineer and designer for the development of ideas. 
The versatility of uses is partially indicated by the illustrations here of a few 
of the magnesium and aluminum die cast parts produced by LITEMETAL. 


PORTION OF OUR COMPLETE CASTING DEPARTMENT 


Close tolerances inherent in While die castings are fre- 


pressure die castings often 
completely eliminate and 
always minimize produc- 
tion machining operations. 
Aluminum and magnesium 
die casting alloys may be 
die cast to the same degree 
of accuracy because they 
have approximately the 
same casting temperatures 
and equivalent shrinkage 
on solidification. 


Comparatively simple dies 
can be used to die cast 
parts at lowest cost and 
great savings are effected 
in labor otherwise required 
for machining and finish- 
ing—(most of the holes are 
cored) — through this pre- 
cision method for produc- 
ing an immense variety of 
parts. 


quently used without any 
further finishing, they can, 
when appearance is impor- 
tant or desirable and addi- 
tion surface protection is 
necessary, be given a wide 
variety of surface finishes, 
including mechanical fin- 
ishes, chemical finishes, 
electrolytic coatings and or- 
ganic paint finishes. 


OFFICE MACHINE 
HOUSING 


AUTOMOBILE 


ENGINE 
PART 


LITEMETAL DICAST, INC. is an organization of specialists—men thoroughly experienced 
in the casting and machining of magnesium and aluminum alloys. Our equipment in- 
cludes big machines for big jobs—little machines for little jobs . . . the right sizes and 
types of the most modern die casting equipment for producing parts from the size of a 
button to large cable spools. Complete facilities for secondary operations are also 


available. 
Write today for literature and design information. (e 


i Quick action on inquiries. 
LITEMETAL DICAST Inc. 


A DIVISION OF HAYES INDUSTRIES 


WILDWOOD AVE. * JACKSON, MICHIGAN 


PLANT AND EXECUTIVE OFFICES 


f T T LADDER HARDWARE 
uA 


WINDSHIELD WIPER 
HOUSING 


1921 


OPTICAL 


LAWN MOWER GEAR 
d HOUSING 


AIRCRAFT 


LLA TEXTILE SPOOL 
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Tourek 


“THE BEST IN QUALITY 
SCREW MACHINE PRODUCTS" 


he name "TOUREK" has become widely known for The BEST 
in Quality Screw Machine Products". While we make Screw 
Machine Parts of every description, more and more critical buyers 
from coast-to-coast are coming to us for the extreme UNIFORM ac- 
curacy they need. They have learned from experience that a can 
depend upon us to equal or surpass the most exacting specifications 
in EVERY part, whether the order is numbered in دە‎ or in TOUREK 
thousands! рн 


If your assemblies require "The BEST in Quality Screw Machine | 

Products”, let us invite you, also, to Turn to Tourek! Then you'll ' OP С 

know that the parts you get will cut assembly time; cut costs; improve ч 
performance. Large technical and modern plant facilities assure 

quick, efficient service. Sead For this attractively 
Thirty-five years of progress and specialization in mass producing printed Screw Machine Products Guide- 
the finest Screw Machine Products is reflected in the fast-growing Catalog. It contains pictures, diagrams, 
list of critical customers we serve. Tell us NOW, about your needs. tables, cross sections, ideas, suggestions 
Let us help you to get the best and most consistently accurate Screw and other technical data. Ask for it on 
Machine Products you've ever had! company letterbead, please. 


J. J. TOUREK MFG. CO. 


ESTABLISHED 1920 
1901 SOUTH KILBOURN AVENUE, CHICAGO 23, ILLINOIS 


. . UP TO 2-5/8" DIAMETER SINGLE AND MULTIPLE SPINDLE MACHINES . . THREADING è TAPPING + 
MILLING © DRILLING © GRINDING è POLISHING è PLATING è HEAT TREATING © SILVER SOLDERING + 


WORLD'S LARGEST MANUFACTURER OF “STANDARD” BALL JOINTS 
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MAGNETIC OUTPUT BOOSTED 


10% BY ROLLE MFG. CO. { atalo S 
Rolle advanced casting techniques 
keep permanent magnet insert tem- 


peratures down, yet assure a 
sound permanent mold aluminum 


casting. As a result, magnetic out- d | 1 
put of this alternator rotor is up 
10% over best previous attempts. 
B ll | 
MET BY ROLLE MFG. CO. 
Complicated internal structure, un- 
equal wall sections, complex wall To obtain copies of literature 


joinings, intricate internal web- described below, circle corve- 
bing, make feeding and chilling , 


stressed areas a nightmare in this sponding number on coupon 


sand casting. But Rolle Manufac- at end of this section. 
turing is turning out castings able 


to pass 100% X-ray examination 

to highest aircraft standards in (P-1) SHAPER SYSTEMS— Bulletins 

yradedien quantities, describe line of shaper units and con- 
trol devices for vibration testing in- 
stallations. Calidyne Co., Winchester, 

CASTING COSTS CUT Ment. 


44.5% BY ROLLE MFG. CO. 
в (P-2) DIE CasrINGS — Standard 
olle recommended change from 


sand casting to permanent mold sheets, 7 pp, cover linear dimension 
casting of this part, with guaran- tolerances, parting line tolerances, 
— nA. m moving die part tolearnces, draft re- 
tween fins, of from 100 to 125 "— Р arnces, агі 
microinches. Change resulted in quirements for walls, and flatness tol- 
casting costs down X and erances. American Die Casting Insti- 
machining time cut in half. 2 › 

9 tute, 366 Madison Ave, New York 


17, N. Y. 


NIGHTMARE SPECIFICATIONS 


(P-3) ALUMINUM FORGINGS—Book- 


ROLLE CAN SOLVE YOUR let, 12 pp, describes press forgings, 
CASTING PROBLEMS impact extrusions and hand forgings. 


Mechanical properties of aluminum 
forging alloys and typical- forging ap- 
к plications are included. Harvey Alumi- 
or magnesium alloys—can always be solved quickly and eco- num, 19200 S. Western Ave., Tor- 


Your casting problems—sand or permanent mold, aluminum 


nomically if you bring them to Rolle. But the advantages of rance, Calif. 

fighting weight with strength with Rolle don’t stop there. ў 

(P-4) STAINLESS STEEL WELDING- 
Booklet, 24 pp, describes 17 methods 
employed in joining stainless steel by 
“problems,” fusion processes. Also contains a sec- 


Some of the most impressive savings Rolle has made for 
customers involved castings that were never considered 


You can get some idea, just from the few cases illustrated tion describing eight flame and arc 


here, of how the use of advanced techniques . . . a change in ee proceduses commonly used tor 
3 PIRE in 1 severing stainless steel. Crucible Steel 
casting method . . . variation in any of a hundred casting Co. of America, Box 88, Pittsburgh 
considerations, can bring immediate returns in either reduced 30. Pa. 
costs or improved performance, or both. г 
(P-5) NITRIDING PROCESSES—Book- 
let, 48 pp. Five graphs and 17 charts 
help define compositions, mechanical 
properties and case hardening capabil- 
ities of four principal types of special 
steels. Nitralloy Corp, New York, 


N. Y. 
— — with OLLE (P-6) FERROUS CASTINGS — Folder 
WITH STRENGTH | 14, 4 pp, provides case histories and 


includes compositions of available al- 
MANUFACTURING COMPANY loys. Belle City Malleable Iron Co., 


311 Cannon Avenue Lansdale, Penna. | Racine, Wis. 


Write now for a free booklet that tells how you can solve 
casting problems with Rolle. 


D36 Product Design Handbook Issue 









COMPLETE 
ENGINEERING 
SERVICE 


We are specialists. We 
have the men, machines, 
and experience to direct 
against your particular 
problem right now. 

With our own mold 
and die-making facili- 
ties, our own modern 
machine shops for pro- 
ducing specially design- 


ed tools and jigs, our 
highly experienced re- 
search and engineering 
staffs . . . we save you 
time and buying effort 
with our completely cen- 
tralized service. 


DESIGN and 
PRODUCTION 






^ و ے 


- 


BUY RIGHT FROM THE BLUEPRINTS 
AND GET GOOD DELIVERY ON 
CUSTOM MOLDED AND EXTRUDED 
RUBBER AND PLASTIC PARTS 


General's engineers are old hands at solving intricate mold 
and die problems in rubber and plastics. They know 

what rubber and plastics will до... апа what they can 
do for your product. 


Give us the facts on your design or production problems, 
and give us a chance to show what superior talent and 
experience can do for yov. There is no charge for 
preliminary engineering analyses, and all information 

is held in strictest confidence. 


ое 8 4 


MOTION CONTROL 
BY GENERAL SILENTBLOC 


Whether it calls for shouldering a few pounds or standing specific application. 

up under several tons, we have the proven vibration con- For a quick appraisal of your problem, send us your 
trol units to bring quiet, more efficient performance wher- requirements on your company oer ee | No obligation 
ever there’s motion. Silentbloc mountings, bushings and is involved. A complete catalog covering all of General's 
bearings can be designed and manufactured for your motion control units is available on request. 


BUSHINGS . . . to correct 


misalignment, to reduce 


INSTRUMENT ° ш г ә | noise, and to provide for 

MOUNTS ...to { | oscillatory motion. Lubrica- 

—— delicate -— D 4 na à 

ment from externa . .. to reduce 

vibration and mild | i j noise, correct misalignment, 
(ow Jj 


shock. and absorb shock. 


SPECIAL . . . Special units 

can be designed and manu- 
MACHINERY MOUNTS ... to damp vibration and factured to meet your spe- 
absorb shock for heavier machines and equipment. cial problem. 





GENERAL’S CUST OM-MOLDED PLASTIC 
REINFORCED FIBER GLASS 


Our big Marion, Indiana plant is one of the most modern plants in the 


huge foam and reinforced plastic industries. 


The range of glass laminate products that can be produced here is 


limited only by your imagination. 


™ 


B | ЎР Em. \ 


— — 


Current volume production includes aircraft parts, automobile and 
truck body sections and panels, station wagon trim, household appliance 
sections and other parts calling for tough maintenance-free qualities 


with high surface appeal. 


With reinforced plastic, our engineers have helped many manufacturers 
redesign for lighter weight, lower costs and greater product efficiency. 
They know what this new material will do, and what it can do for 
your product. 


You are assured of our closest personal interest in helping you find the 
right solution to your plastic reinforced fiber glass design and develop- 


ment problems. Write today for additional information. 


Sensational Hew 
VIBREX 


Fasteners 


Absorbs Shock, Vibration 
Corrects Misalignment 
Simplifies Assembly 
Eliminates Rattles, Noise 
Dustproof 

Waterproof 


Ideal quick fastener for metal, 
glass, ceramic or plastics . . . 
for most applications in which 
simplicity of installation or ab- 
sorption of noise, shock, vibra- 
tion are important. An elastic 
suspension unit, locked by ex- 
panding rubber. 


im, Vala 
-—A EE S 
Ld ay 4 
hd 


Li 
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NO RIVETS 

NO GROMMETS 

NO COUNTERSUNK HOLES 
NO SPRINGS 
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MARION, INDIANA __ 





PLENTY OF ENGINEERING 
HELP ON YOUR PROBLEMS . . . 


BECAUSE YOUR PROBLEMS 
ARE OUR BUSINESS 
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If You Need Metal Enclosures * Save Time and Tooling with 


LINDSAY PREFABRICATED ASSEMBLIES 


— 


inns б ы; ar sid 


LS SAVES ON— 


4 DESIGNING 

4 TOOLING 

4 PROCUREMENT 
X FABRICATION 

+ INVENTORY 

V WAREHOUSING 
X MAN POWER 


ИЛИ, 


ONLY 4 BASIC PARTS 
YET APPLICATIONS FOR LS PANEL ARE UNLIMITED 


Your production of attractive metal enclosures can be reduced 
to a simple assembly operation with Lindsay Structure—the 
patented method of using pre-tensed sheet metal panels in light 


structures of tremendous strength and rigidity. 


Lindsay prefabricated assemblies are tailored to your exact 
needs from die-formed standardized Lindsay Structure compo- 


nents... fabricated in 78,085 panel sizes...available in mild 


steel, stainless steel, copper, or aluminum...shipped k/d for 
quick assembly with standard tools—no welding or riveting 
required. LS shipments can be scheduled to keep pace with your 
production needs. Fast service on pilot units. 


Lindsay Structure has almost unlimited applications—cabinets, 
housings, refrigerator buildings, processing rooms, dryers, towers, 
bodies for trucks, trailers, buses, etc. 


Put this versatile prefabricated structure to work for you... 


simplify designing, save on dies and tooling, conserve skilled 
man power. Write for descriptive folder or send single line 
drawing for prompt cost estimate. 


LS CONSTRUCTION UTILIZES GREAT STRENGTH OF 
: LIGHT SHEET METAL 


This 24-gauge, 36-inch wide sheet 
under uniform tension has greater 
tensile strength than a l-inch rod. By 
a strong, continuous and equalized 
gripping of the entire sheet, the 
weaknesses of rivet holes and welds 
in thin sheet metal are eliminated 


... diagonal gussets and struts are 
made unnecessary. 


—— T 


L N D S AY 5001 West Dempster St, Skokie, Illinois 
|; STRUCTURE 


(Ue. u. ы о U.S. Patents 2017629, 2263510, 2263511 
U.S. and Foreign Patents and Patents Pending 


Truck and Trailer Bodies 
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prove it works 
® before you go into 


A wee ™ 


Machine that part from polystyrene and let us investment-cast 
it in the metal you plan to use. Test it and, if some change is 
indicated, repeat the process until you have the final answer. This 
cut-and-try method of proving a design and an alloy saves you 
a lot of time and money. 

Polystyrene machines readily and is inexpensive. Complex 
patterns can be made in sections and assembled, then cast as a 
unit just as they’d be investment-cast in quantity. Thus parts 
for testing are exactly like you'll get in production, but they cost 
far less than cutting them out of metal. 


Technical Data Available 


When your idea is on paper, but before you start to make the 
polystyrene patterns, send us a blueprint. We'll figure the shrink- 
age factor for you, suggest possible gating arrangements and 
design modifications which may effect further economies. 

The pamphlet, 4 Guide for Making Polystyrene Patterns, de- 
scribes methods of machining and names sources from which 
this material can be obtained. For a free copy, write Precision 
Metalsmiths, Inc., 1079 East 200th Street, Cleveland 17, Ohio. 


Let's discuss this idea at the Metal Show, 
Booth 1761, Philadelphia, Oct. 17-21. 


pour yourself an assembly with 


PRECISION METALSMITHS, Inc. 


Investment Castings 
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Catalogs and Bulletins continued 
(P-7) WELDED TUBING—Handbook, 
32 pp, covers range of sizes, gages and 
tolerances on square, round, rectangu- 
lar steel tubing and special cold-formed 
shapes. It also provides physical prop- 
erties, elements of sections and other 
data. Van Huffel Tube Corp., War- 


ren, Ohio. 


(P-8) NON- FERROUS FORGINGS — 
Catalog, 8 pp, describes compositions, 
properties of copper, brass, bronze, 
aluminum forgings. Scovill Mfg. Co., 
Waterbury 20, Conn. 


(P-9) Stock Diz PARTS—Catalog, 
28 pp, includes, besides punches and 
die bushings, guide bushings and 
quills, a number of quick-change 


| quills, punched holder bushings, high 
| precision lamination perforators, pilot 
| punches, heavy duty punches, dies and 
| guides, - slug 
| shaped punch quills. Toolcraft Indus- 


ejector punches and 


tries Corp., 305 E. 140 St., New York 


54, N. Y. 


(P-10) METAL STAMPINGS—Catalog, 
40 pp, contains drawings, dimensions, 
other data on terminals, posts, brackets, 
connectors, contacts, rings, lugs, sad- 
dies, shells, shields, straps, washers. 


| Malco Tool & Mfg. Co, 4025 W. 
Lake St., Chicago 24, Ill. 


| (P-11) Zinc Dig Castincs—Folder, 
| 4 pp. Manufacturer contends that it 


is possible to produce small quantities 


| of die castings economically. Folder 
| points out that on 40 designs pro- 
| duced, tooling averaged $530. Page & 
| Hall Mfg. Co., Inc., 1249 Farmington 


Ave., W. Hartford 7, Conn. 


(P-12) INVESTMENT CASTING—Bro- 


chure VR-471, 11 pp. Originally de- 


| veloped for this company’s investment 
| casting sales force, this brochure is 


being made generally available. 

The process is described and illus- 
trated and there is an explanation of 
how a typical part is produced by in- 


| vestment casting. Limitations of the 
| investment casting process are also dis- 
| cussed, including what to avoid in 
| designing, size and weight of parts, tol- 


erances and quantities of parts that 


| make the process practical. Conclud- 
| ing the comparison of investment cast- 
| ing with other production methods is 
| an explanation of the tooling, patterns 
| and samples necessary to produce parts 


by the investment casting process. 
Vascoloy-Ramet Corp., Waukegan, Ill. 
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New Realism, Strength, Economy 


ARVIN 
Radio Cabinet 


PHILCO 
Cheese Keeper 


Y 


Springing Horse springs ahead in sales. Alluring, practically 
indestructible "DELPHOS" Black Beauty—molded by AMOS. 


CAPEHART 
21" TV Mask 


MITCHELL 
Air Conditioner Front 


WESTINGHOUSE 


Humidrawer 


May be seen in leading department stores and chain stores. 


WITH AMOS ENGINEERED 


» There's always room at the top for a good product 
made better— with AMos engineered plastics. 

Sales benefits are many—improved design and styling 
. . . lifelike realism . . . brilliant colors all the way 
through ... super strength and serviceability . . . rust- 


PLASTICS 


proof ... no sharp edges to cut or scratch . . . easier, 
simpler, more economical finishing and assembly. 
Right now is the best time to find out how AMOS engi- 
neered plastics can attract more customers to your 
product. No obligation— write, wire or phone: 


AMOS MOLDED PLASTICS - EDINBURG, INDIANA * Offices: Chicago, Detroit, Philadelphia, Kansas City, Mo., Nashua, N. H. 


Custom Injection 


NM i 
Molding and Finishing Experts 





7, MEEHANITE. 22 Boot 


FLAME HARDENED MEEHANITE DII 
PRODUCE JET ENGINE PARTS 


Cockshutt Aircraft Limited, Renfrew, Ontari 
manufacturers of jet engine components, ha* 
found the use of flame hardened Meehanite di 
are the all-round answer to better performan 
in service in the production of pressed parts ar 
a superior finished product. 


Flame hardening set-up for hardening Meehanite 
dies prior to chrome plating. 


Meehanite punch-draw and pressure rings; chrome- 
plated for second draw on 600-ton Dominion Hy- 
draulic Press. Flame tube center section. 


. 
Builder says: 
"In producing parts for jet engine combustion systems, 
we have found that flame hardened Meehanite metal 
dies are far superior to those made from ordinary gray 
iron castings when used on hydraulic or mechanical 
presses. 


23” Dia. 


The rings and punches made from flame hardened 
Meehanite metal for use on our Cincinnati Hydroform Sample 
Presses are equal in performance to those made from far Center 


more costly materials. Section Section 
ыд 15+ Огоуу 


For further improvement and to avoid scores and 
scratches during drawing operations, it is found bene- 
ficial to hard chrome plate the work surfaces of the die, 
but it is important that the die is hardened before plat- 


ing to reduce peeling or chipping of the chrome to a т — — 
minimum.” 


J&B "PANTO-MILLER" — PANTOGRAPH ARMS 


& LINKAGES 
Another Precision Tool Specifying 
Meehanite Components 


Johnson & Bassett, Inc., Worcester, Massachusetts, 7 | 
build a 2-dimensional pantograph engraver known Bee Ef А SADDLE 
as the “Panto-Miller”. Designed for versatility, pre- - ` — A 
cision and efficient production, this unit incorpo- Y | $ 4 


1 


. А , è I HB S 
rates Meehanite castings for all major, vital parts) E | 3 


— UPPER BASE 
TABLE 


Builder says: 

"Our use of Meehanite castings in general is due to the 
excellent machinability, tensile strength and rigidity. It 
is important to our Panto-Miller that we have these three 
features, plus the important feature of vibration absorp- 
tion. Our machine is a duplicating machine and, of 
course, must be extremely accurate and we require the 
best materials available as insurance against blow holes, 
distortion, etc." 
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Justries report what Meehanite Castings 
have done for them 


RUGGED HARDINGE GRINDING MILLS 
BUILT WITH MEEHANITE CASTINGS 


The name “Hardinge” has long been famous in those fields where the grind- 
ing or pulverizing of all types of materials is a basic requirement. As manu- 
facturers of the highly successful Conical Grinding Mill, the Hardinge 
Manufacturing Company, York, Pennsylvania, materials specifications call 
for maximum properties and service life and Meehanite castings are used 
for important basic components. These include: 


1. Mill Shell « 2. Trunnions * 3. Gear Ring and Gear èe Main Bearings 


Builder SAYS? “We undertook the manufacture of Meehanite cast- 
ings in our foundry some years ago, not only as a means of improving 
foundry efficiency and quality of 
castings, but in order to produce 
cast components such as these 
which will provide maximum 
wear resistance, high strength 
and toughness and the uniform- 
ity of these properties which 
enables us to assure our cus- 
tomers that they are buying a 
better product when they buy 


Meehanite grinding mill shell. Mill bearings are Meehanite castings. from Hardinge.” 


ONLY A MEEHANITE FOUNDRY CAN MAKE MEEHANITE CASTINGS 


The American Laundry Machinery Co. . Rochester, New York Johnstone Foundries, Inc. . . . . Grove City, Pennsylvania 
Atlas Foundry Co. . . . . . . . . . Detroit, Michigan Koehring Co. . . . . . . . . . Milwaukee, Wisconsin 
Banner lron Works . . . . . . . St. Louis, Missouri Lincoln Foundry Corp. . . . . . . Los Angeles, California 
Barnett Foundry & Machine Co. на and Dover, New Jersey Palmyra Foundry Co., Inc. . . . . . Palmyra, New Jersey 
Blackmer Pump Company . . . . . Grand Rapids, Michigan The Henry Perkins Co. . . . . . Bridgewater, Massachusetts 
Compton Foundry . . . . . . . . . . Compton, Calif. Pohiman Foundry Co., Inc. . . . . . Buffalo, New York 
Continental Gin Co. . . . t . . Birmingham, Alabama Rosedale Foundry & Machine Co. . . . Pittsburgh, Pennsylvania 
The Cooper-Bessemer Corp. Mt. Мена, Ohio & Grove City, Pa. Ross-Meehan Foundries . . . . . Chattanooga, Tennessee 
Crawford & Doherty Foundry Co.. . . . . Portland, Oregon Shenango-Penn Mold Co. . . . . . . . . . Dover, Ohio 


DeLaval Steam Turbine Co. . . . . Trenton, New Jersey Sonith Industries, Inc. Site. a MERERI 
M. H. Detrick Co.. . . ... — N. J. and Peoria, Ill. Standard Foundry Co. . . . . . Worcester, Massachusetts 


Empire Pattern & Foundry Co. . . . . . Tulsa, Oklahoma The Stearns-Roger Manufacturing Co. . . . Denver, Colorado 
Farrel-Birmingham Co., Inc. . . . . Ansonia, Connecticut Traylor Engineering & Mfg. Co. . . Allentown, Pennsylvania 
Florence Pipe Foundry & Machine Co. . . Florence, New Jersey Valley iron Works, Inc. . . . . . . St. Paul, Minnesota 
Fulton Foundry & Machine Co., Inc. . . . Cleveland, Ohio Vulcan Foundry Company . . . . . . Oakland, California 
General Foundry & Manufacturing Co. . . . Flint, Michigan Washington Iron Works . . . . . . Seattle, Washington 
Georgia Iron Works Co. . . . . . . . . . Augusta, Ca. CANADA 

Greenlee Foundry Co. . . . . . Chicago, lllinois hartley Foundry Division— 

The Hamilton Foundry & Machine Co. . . . Hamilton, Ohio London Concrete Machinery Co.,Ltd. . . Brantford, Ontario 
Hardinge Company, Inc. . . . . . . New York, New York E Wl ha Se Sec ee о г, N бше 
Hardinge Manufacturing Co. . . . . . York, Pennsylvania Otis Elevator Co., Ltd. . . . . . . . . Hamilton, Ontario 


Write for your copy of "The Handbook of Meehanite Metals" 
This Advertisement Sponsored by Foundries listed above 


MEEHANITE METAL. coz». 


714 North Ave., New Rochelle, N. Y. 
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IN DIE DESIGNING 


R-B standardized retainers are avail- 
able in three shapes and many sizes, 
and where necessary, R-B special re- 
tainers can be supplied. You save “time 
on the board” because you are working 
with standardized equipment. 


R-B punches (A)and die buttons (B)are locked in standard 
or special retainers (C) which are mounted on the die 
shoes. A spring-loaded ball lock (D) produces positive 
radial alignment and vertical locking; no additional key- 
ing is necessary regardless of the size or shape of the 
punch. Up to 34" stock can be pierced. R-B punches and 
dies are easy to insert; push and twist and they're locked. 
They're easily removed, too. Retainer holes (E) provide 
for insertion of tanged tool which releases ball and allows 


instant removal. 


IN DIE CONSTRUCTION 
R-B punch and die retainers and special 
retainers are quickly, easily and accu- 
rately mounted without special ma- 
chining. With them, you can save much 
of your skilled die-makers’ time. 


IN DIE OPERATION 


HERE’S WHERE YOU REALLY 
SAVE. R-B punches and dies cut press 
down time for replacement to a mini- 
mum. They’re instantly removed— 
quickly changed—yet accurately aligned 
when locked. 


TOOL STANDARDIZATION IS THE BASIS FOR EFFICIENT AND ECONOMICAL PRODUCTION. 
WITH R-B YOU GET THE ACCEPTED STANDARD OF THE SHEET METAL INDUSTRY —IN STAND- 
ARD DESIGN FEATURES THAT SAVE IN ENGINEERING, DIE CONSTRUCTION AND OPERATION. 


RICHARD BROTHERS PUNCH DIVISION 
ALLIED PRODUCTS CORPORATION 
DEPT. 63 e 12639 BURT RD. e DETROIT 23, MICHIGAN 


Please send me additional information. 


NAME 


COMPANY 


ADDRESS _ 
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OTHER ALLIED PLANTS 
SPECIAL COLD FORGED PARTS 


STANDARD CAP SCREWS 


PRECISION GROUND PARTS 


SHEET METAL DIES 
MADE OF FERROUS ALLOYS, 
ZINC ALLOYS OR PLASTICS 
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How Harvey | 


puts 
aluminum 
to work 


for you... 


Here are a few of the 
many ways Harvey 
makes your product 
easier to manufacture, 


easier to sell 


Forty years of solving the 
special and difficult design 
problems of industry 
have developed the 
"practical imagination" 
that characterizes the 
entire Harvey approach. 
Our Field Engineers will 
gladly sit down with your 
own designers to determine 
in detail how Harvey's 
experience can put 
aluminum to work making 
your product easier to 
manufacture, easier to sell. 


RESEARCH ... DEVELOPMENT . .. PRODUCTION . . . Harvey does all three as a leading independent producer of aluminum extrusions in all alloys and all sizes, 
special extrusions, press forgings, hollow sections, structurals, rod and bar, forging stock, pipe, tubes, impact extrusions, 
aluminum screw machine products and related products. Also similar products in alloy steel and titanium on application. 
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Cataiogs anc Bulienn conunuec 


P-1 FORGINGS—Brochure, 20 pp 
nas sections cevotec 10 nomenciaturc 
aesigr iayou Gr аеырп тоетапсс 
таргеѕ, то рец епріпеет сеѕірп а тоцрі 
torgıng tna can р rCproducec Mos! 
economically while maintaiminp prope 
Eram Tow Charactersstics amc provi 
mE Maximum strength of materia! a 


desirec points. Snouid aiso prove heip 
Tui where there 1 a choice a ti nov 
the par ught be produced. Consol 


Mix vili: 


TANDARD CAST SHAPE 
1 dimensioD drawing 


...Don't overiook the tabular data describing 3,000 standarc 
castings. Rounds, fia: roumc 

advantages of this highty gear blanks, hexagons. bushing: 
and tubes, rings, channels, tees, angles 


squares and flats, surface and lapping 
plates, straight edges and parallels are 


Pes NS | mciuded, all from ready-made stock im 
| 


brass, bronze, aluminum and Stand 
STANDARD malleable iron is 2 strong cast 


ferrous alloy having a remarkabie combmation 
9! propertues: 


ardite metal Some of the licensed 
foundries listed are also eguipped te 
furnish standard shapes in ductile iror 


: 
and Other well known metals. Stand- 
Toughness and J Excellent ت‎ a к 
* ard Foundry Product, 220-4 W. 4 

ductility machinability 


St. New York 56, N. Y 
» righ unpoct 


resistance i Resists corrosion ABRASIVE W HEELS—Booklet 


is entitled, "Why Do Abrasive 
heels Fail? (Sometimes)". Explains 
abrasive wheels fail and how tc 
prevent this failure and also tells how 
abrasive wheels cut. Wallace Tube 
Co. 1304 Diversey Parkway, Chicagc 

14, Ш 

PEARLITIC maileable is a speciai form of the 


product heving these unique characteristics: P-1f INVESTMENT CASTINGS — 


| Booklet, 20 pp, explains lost-wax proc- 
Exceptional beori WM Easily mochined umm P 
°з у ess, its lumutations, sizes and weights 
properties 


of parts supplied, tolerances, holes, 
Ww High yield strength — W Con be selectively slots and surfaces 


45,000 to $0,000 psi. hardened allovs 
siens. Comparison of investment cast- 
in? with other processes is given, along 
with general ideas of costs and ap- 

It's easy to design for simplicity and good appearance in malleable iron plications. Scort Casting & Mfg. Co. 


castable metals and 
and also what to avoid in de- 


116 W. Lancaster Ave. Berwyn, Pa 
helps you eut costs on current production. Consult your nearest A s yn, 
malleable foundry or write to the Malleable Founders’ Society for 


(P-17) TRACER CONTROL SYSTEM— 
further information, 


Bulletin GEA-6122, 6 pp. Automatic 
control of one or more machine mo- 
tions is described and through the 
use of diagrams, the operation and 
components of the basic tracer system 
and its variations is illustrated. De- 
signed for production use on milling 
machines, vertical boring mills and 
lathes the tracer control automatically 
follows templates. General Electric 


1800 Union Commerce Building Cleveland 14, Ohio | Co, Schenectady 5, N. Y. 
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L TUBING 


GM STEEL TUBING BY ROCHESTER PRODUCTS, DIVISION OF GENERAL MOTORS, ROCHESTER, N.Y. 
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- FACTS ABOUT ATLANTALLOY 


aue I SM ECOL" 





One-piece cast ice cutter 
for York Corporation's 
Automatic Ice Maker re- 
placed fabrication of sev- 
eral stainless steel parts. 





Cast brush holder for 
General Electric aircraft 
generators lowered costs, 
provided closer tolerances 
and increased strength. 





Lever casting of Atlantal- 
loy #31 manganese bronze 
with tensile strength of 
100,000 psi for Sargent & 
Greenleaf's manipulation- 
proof lock. 





Rugged skirt door operat- 
ing mechanism cast for 
Pennsylvania Railroad 
cars manufactured by the 
Budd Company. 





lE ds PE 
CASTING 


810 Bloomfield Y 
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¢ ATLANTALLOY PRECISION PLASTER MOLD CASTINGS * ATLANTALLOY PRECISION PLASTER MOLD CASTINGS * ATLANTALLOY PRECISION PLAST 
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Today ATLANTALLOY CASTINGS 
are used where precise dimensions and 
high physical values plus economy are 
essential. These unique precision plaster 
mold castings can improve your product 
design and reduce your costs: 


PRECISION — Meet precision machin- 
ing tolerances. Average limits, + .005 
on one side of parting line. Minimal or 
no machining or finishing. 


DESIGN — Compared with other tech- 
niques, this casting process makes 
possible the production of parts which, 
because of high physical properties, 
could not economically be produced by 
other means. Complicated assemblies 
requiring several machined parts can 
be cast accurately as one piece, including 
designs having internal teeth, stops and 
blind gear teeth. A wide range of 
Atlantalloys are available for your design 
needs. Chemical certification on request. 


EXCLUSIVE CASTING FEATURES — No 


gas formation when metal enters mold, 
and no ebullition of liquid metal. Self- 
venting molds yield to metal, cool slowly. 
Castings are practically stress-free with 
superior grain structure. Loose cores per- 
mit “impossible” designs. Finishes are 
exceptionally smooth and clean. 


ECONOMY —- Major savings in machine 
work because of high finish, uniformity 
and accuracy. End costs below machined 
parts from rougher-type castings, even 
for limited volume runs. Greater savings 
for large runs. Time and material sav- 
ings since uniform castings always fit 
your jigs and fixtures without rejects. 
Tool life extended because castings have 
no blow holes, hard spots, or inclusions. 


SALES REPRESENTATIVES 


Middle Atlantic States — Beemer 
Engineering Co, 401 North Broad St, 
Philadelphia 8, Pa. 


New England — J. C. Tarbel Associates, 
Inc, 64 Park St, Springfield 2, Mass. 






More facts on “High Quality 
Precision Castings for Industry”. 
Write for your free copy! 


ENGINEERING CORP. 


e Clifton N J e PRescott 9 
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Catalogs and Bulletins continued 
(P-18) CENTRIFUGAL CASTINGS — 
Chart provides compositions, proper- 
ties, specification numbers of both 
ferrous and nonferrous centrifugal 
castings. Sandusky Foundry & Ma- 
chine Co., Sandusky, Ohio. 


(P-19) STOCK INDUSTRIAL AND 
AUTOMOTIVE FORGINGS — Catalog 
19A, 40 pp, illustrates and lists di- 
mensions, details, tables, sizes and 
specifications of almost every stock 
forging type produced. Cleveland 
Hardware and Forging Co. 3270 E. 
79th St., Cleveland 4, Ohio. 


(P-20) GENERAL INDUTRIAL PROD- 
ucts—Catalog, 48 pp. Physical prop- 
erties and other characteristics are 
provided on ferrous castings, non- 
ferrous castings, bearing materials, sin- 
tered metals, steel forgings, welding 
products, air compressors, industrial 
pumps, dredge pumps and railroad 
products. American Brake Shoe Co., 


230 Park Ave, New York 17, N. Y. 


(P-21) GRINDING WHEELS—Book- 
let. Proper operating speeds of all 
types of grinding wheels are given on 
large easy-to-follow tables. Chicago 
Wheel & Mfg. Co., 1101 W. Monroe 
St., Chicago 7, Ill. 


(P-22) PLASTER-MOLD CASTINGS — 
Circular, 4 pp. The text stresses the 
ability of this casting process to main- 
tain tolerances of +0.002 in. of di- 
mension. How casting patterns may 
be modified for design changes and 
how improved surface conditions and 
better electrical performance result 
from eliminating soldering and bend- 
ing operations are also included. Air- 
tron, Inc, 1103 W. Elizabeth Ave. 
Linden, N. J. 


(P-23) INVESTMENT CASTING—Cata- 
log 120, 8 pp, has design information, 
data on recommended tolerances, and 
listings of alloys regularly cast. Cast- 
ing Engineers, Inc., 2323 N. Bosworth 
Ave., Chicago 14, Ill. 


(P-24) INVESTMENT CASTINGS — 
Booklet, 12 pp, discusses in detail 
basic design principles as they apply 
to investment casting processes. A 
materials chart listing physical proper- 
ties and use of some of the more 
popular metals is also included. Case 
histories are also provided. Midwest 
Precision Castings Co. 2790 Grand 
Ave., Cleveland 4, Ohio. 
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“PRODUCT SALEABILITY ' 


Resistance welding helps you improve your product design 


STRENGTH 

Resistance welds are stronger than 
either of the metals welded together. 
After 10 years of exhaustive tests no other 
joint survived, practically all automobile 
manufacturers have adopted resistance 


welded wheels. The wheels are made with 


8 spot welds instead of the 12 conven- 


; tional rivets .. . using Sciaky equipment. 





LEAKPROOF 


With resistance welding there is no hole 

. thus it is leakproof. Actually, resist- 
ance welding is commonly used to make 
gastight seams. However, riveted assem- 
bly is inherently subject to leakage. Not 
only costly to make leakproof, it is some- 
times even impractical. 


RESISTANCE TO CORROSION 

Resistance welding leaves no exposed 
metals to corrode, because the weld is 
within the metals. There are no holes and 
the joint is tight. However, tight fit-up 
connot always be maintained for riveted 
joints or rivet heads, The result is pene- 
tration of atmospheric moisture and cor- 
rosion. 





REDUCTION OF WEIGHT 


Nothing is added to make a resistance 
weld—no rod, flux, rivets, etc., аге 
needed. The parent metals themselves are 
fused together. Resistance welding a prod- 
uct provides a considerable savings in 
weight compared to riveting, or other 
forms of welding. 


A BASIC REQUIREMENT 
OF SUCCESSFUL DESIGN 





LACK OF DISTORTION 

Properly applied, resistance welding 
practically eliminates warpage and distor- 
tion. Thus, costly jigs and fixtures to re- 
duce distortion are not necessary on 
products designed for resistance welding. 
However, fusion welding produces con- 
siderable distortion and does require the 
extra expense of related fixturing. 





IMPROVED APPEARANCE 


Resistance welded spots can be made 
practically invisible. They need not mar 
exterior surfaces as do other forms of 
welding or riveting. Surfaces requiring 
smooth finish and attractive appearance 
are best designed for fastening with re- 
sistance welding. 


Specify Sciaky Patented Three-Phase Resistance Welding 


have improved their product and lowered 


for the Advantages of Economy and Consistent Weld ey 


Pioneered, invented, and patented by Sciaky, the three-phase principle 


operation allows a balanced current to be drawn from all three phases of the po 

> result is the lower operating cost of reduced power demand the wel 
installation costs of smaller switch gear and smaller distribution lines the con- 
sistency of suitable weld quality under high production conditions. For detailed explana- 


tion of these and other impressive advantages of Sciaky patented Three-Phase operation, 
write for Bulletin 332. 

Detailed examples of Sciaky resistance welding applications are available i: gular 
issues of 


“Resistance Welding at Work.” Read how other companies large and small 


fabricating costs. Send your name and title 
on company letterhead for these impressive examples of Sciaky’s basic thinking elders 
designed to do more useful work at lower operating costs with 


Largest Manufacturers of Electric — A «x 
Resistance Welding Machines in the World Y : 


Sciaky Bros., Inc., 4913 West 67th Street, Chicago 38, IIl., Portsmouth 7-5600 


raximum reliability 











Destaco Toggle Clamps offer extreme flexi- 
bility in fixture design, being adaptable to your work-holding 
problems in every field of mass production. Whether you're 
drilling, reaming, milling, bonding, welding or assembling, you 
get more production, fewer rejects and lower tooling costs 
when you specify Destaco fast acting toggle clamps. 

Destaco clamps are precision made, with reamed bearing 
holes and hardened pins; series 210, 220, 228 and 240 now 
have full length hardened bushings, for years a feature of our 
heavier models. Eliminating elongated holes and sloppy action, 
Destaco gives you precision alignment and smooth, fast, 
powerful action—from the first part to the last. Fool-proof, posi- 
tive locking and release—no cams—and friction-relieving offsets 
in handles and links. Cold drawn solid bars, forged portable 
clamp jaws and handles. Many accessories for adapting to vary- 
ing fixtures and production. Pressures up to 4000 pounds. 


Call our stocking representative listed below for assistance with your tooling 
problem or ask for 36-page catalog describing over 45 models. 


ALABAMA MINNESOTA PENNSYLVANIA 
Dixie Type & Supply Co. Northern Machinery & Supply Co. Paul J. Flemming & Son 
930 N. 6th Avenue 2001 Washington Ave. S. 907 W. Wagner 
Birmingham 4 Minneapolis ! Philadelphia 41 


ARIZONA 
Norman S. Wright & Co. MISSOURI TENNESSEE 
2628 E. Washington Ernst Machinery Co. Mr. Ralph Landrum 
Phoenix p ач - rg 
CALIFORNIA н K Monahan Lewis Supply Co. 
Norman S. Wright & Co. 1007 Yale Avenue 477 S. Main Street 


625 N. Alvarado Street i 
: Los Angeles 26, St. Louis 17 Memphis 2 
orman §. Wright Co. 
2779 Folsom Street NEW YORK TEXAS 
San Francisco 10 Acme-Danneman Co., Inc. Tool Supply & Engr. Co. 
203 Lafayette Street 1901 Canton Street 
GEORGIA New York 12 Dallas | 
pma Supiy e М Г 
23| Pryor Street, S.W. 64 
Atlanta 3 fai WASHINGTON 
Norman S. Wright 
ILLINOIS Fink Tool Co. 125 S. Stevens 
George A. Rieke Co. 801 Meigs Street Spokane 4 
549 W. Washington Street Rochester 20 Norman S. Wright & Co. 
Chicago 6 * ramp De. 233 Ninth Avenue, North 
INDIANA Syracuse 11 — 
General Supply & Tool Co. WISCONS!N 
140 S. Senate Avenue OHIO Triplex Supply Co. 
Indianapolis 4 F. N. Cuthbert, Ine. 830 N. Third Street 
IOWA 2909 pareit Avenue Milwaukee 2 
Globe Machinery & Supply Co. e 10 
40! E. Second St. Die Supply Company ONTARIO 
Davenport 1400 Brookpart Road Williams & Wilson Ltd. 
Cleveland 14 11 Front Street, East 
KANSAS Die Supply Sales Co. Toronto | 
H-H Tool & Supply Co. 311 Vermont Street Williams & Wilson Ltd. 
Iil W, 2nd Street Dayton 4 1465 Tecumseh Bivd., E. 
Wichita 2 Windsor 


MASSACHUSETTS OREGON 


UEBEC 
F. H. Robertson Co., Inc. Norman S. Wright & Co willl Q & Wi 
420 Broadway Avenue (932 S.W. Water Street” t4 M 
Malden 48 Portland | 544 тюн pe 


o> DETROIT STAMPING COMPANY 
310 MIDLAND AVE. * DETROIT 3, MICH. 
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(P-25) IRON CASTINGS—Glossary of 
terms, 36 pp, explains over 150 tech- 
nical terms are used by suppliers and 
users of ferrous and nonferrous cast- 
ings. International Nickel, New York 
Xx mW Y 


(P-26) SHELL MOLDING — Booklet, 
36 pp, is a basic guide to shell mold- 
ing as a production process, but chap- 
ters On patent status, merits of tech- 
nique, pattern requirements and re- 
quired equipment are of interest to 
design engineers. Durez Plastics & 
Chemicals, Inc, North Tonawanda, 


N. Y. 


(P-27) CENTRIFUGALLY CAST BAR 
STCCK— Bulletin 152, 4 pp, Tubular 
and solid types of cast bar stock are 
described and properties given. She- 
nango-Penn Mold Co., Dover, Ohio. 


(P-28) INVESTMENT CASTINGS — 
Booklet, 12 pp. Considerations in de- 
signing for investment cast parts and 
a discussion of comparative costs are 
included, together with a description 
of the process. Hitchiner Mfg. Co., 
Inc., Milford, N. H. 


(P-29) FLAME-PLATING — Booklet, 
15 pp, describes process for deposit- 
ing thin coatings of tungsten carbide 
on the surfaces of parts and many tools 
where extra resistance to wear is re- 
quired. Advantages and properties are 
described. Linde Air Products Co., 30 
E. 42 St, New York 17, N. Y. 


(P-30) HEAT AND CORROSION RE- 
SISTANT CASTINGS—Folder, 4 pp, has 
revised chart of chemical composition 
ranges. Designation changes and sev- 
eral additional alloys, including most 
popular grades of nickel-chromium 
compositions, are incorporated in 
chart. Alloy Casting Institute, 32 Third 
Ave., Mineola, N. Y. 


(P-31) HARDENABILITY OF STEELS 
—Bulletin A-63, 12 pp, documented 
with charts and photo-micrographs. 
The selection of steels solely on the 
basis of the usual hardenability tests 
may be an inadequate procedure es- 
pecially where optimum performance 
qualities are essential or desired. Steels 
with the same end-quench hardness 
curves or hardenability are shown to 
have much different toughness as 
measured by notch bar tests at equal 
hardness and strength levels. Interna- 
tional Nickel, New York 5, N. Y. 
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It pays to plan in plastics molded by General American 











| 





` 


ideas in plastics 


A: Lightweight, warp-proof, easy-to-clean drawers molded in one piece. B: Strong, comfortable, deco- 
rator-styled chairs for indoor and outdoor living. C: Lighting fixtures that give better light, that resist 
weather and breakage. D: Reusable drums and containers for foods, solvents, chemicals and paints. 
E: Dockboards of plastics that are easy-to-handle, that will never corrode. F: Signs of quality with 
built-in color and excellent weather resistance. G: Airframes with minimum air resistance—greater 
strength with less weight. IH: Housings for appliances and machines with greater eye-appeal and 
buy-appeal. 4: Battery cases that are easier to handle, molded in colors that sell on sight. 


PLASTICS DIVISION 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
135 South La Salle Street * Chicago 90, Illinois 


Facilities unmatched anywhere: injection, compression, extruding and vacuum forming, reinforced plastics, painting and assembling 
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5 WELD bnger, faster 
sier on. Better, 


ABLE WELDING GUNS. 
Ve and economical. 
Standart sis takes wide 
variety of ad@ħtors and tips 

Em, fo suit the job. 


— IMPROVED 
IMPROVED T Ti iS | | PORTABLE ROLL 
MATIC-H | SPOT WELDERS. 
P Lic BOO aM —— J HM Finest in the 
Compact ble è ? field. Extremely 
design. ESF ac- t Р í flexible. Fast, 
tion. Ып седеп!- | b easy operation. 
ed press@re hold. Р 


r 
, 


/ 


Progressive is FIRST with thé BEST of resistance 
welding equipment. Our engineers will gladly 
help with your special problems. 


L 


| 
И ур 


915 Oakland Avenue e Pontiac, Michigan 


PAYS, 
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they thought this die casting 


couldn't be made... 


@ But Stewart turned out over 12,000 a week! 


This helical gear is one example of an old habit at Stewart Die 
Casting —“finding a way.” In 45 years, we have produced many 
castings that “couldn’t be made.” Whatever type of die castings 
you need — small or large, simple or intricate — count on Stewart 


to meet your most rigid specifications . . . on time. 


SERVICES AVAILABLE 
Designing * Engineering * Die Making 
Metallurgical Control + Most Modern Die Casting Equipment + Complete 
Machining, Polishing and Assembly Facilities. 


45 years of helping industry to “Make It Better” 


. 4 a division of 


STEWART 





The trend towards larger and more intricate castings 
continues and we at FEDERAL are casting the unusual with 
great success. 


if we are given the opportunity to analyze your casting 
problems, they may not be as difficult as you thought. 


Aluminum and Linc Alloys 
py econ) 


2228N. ELSTON AVE. CHICAGO, 14, ILL. “TI 


= 
PHONE ARnitage 6:4803 aF 





lf the question is perforating . . . 


Ever stop and think that the 
answer to your design problem 
may be simple perforations? 
Whatever material you’re working 
with, if it’s metal, masonite, 
rubber, plastic, hard or insulated 
board for decorative or display 
usage, Hendrick can help you. 
Over a period of many, 

many years, Hendrick has built 
up the largest stock of dies 
commercially available. 


e | 


If you are faced with the need 
for perforated materials 


the answer is HENDRICK! 32 


or if you would like 
more information on how 
perforating can enhance 
the sales appeal of your 
products, get in touch 
with Hendrick today. 


Hendrick Manufacturing Company 


36 DUNDAFF ST., CARBONDALE, PA. e Sales Offices in Principal Cities 


Perforated Metal + Perforated Metal Screens * Wedge-Slot Screens * Architectural Grilles * Mitco 
Open Steel Flooring * Shur-Site Treods * Armorgrids 


D56 











Catalogs and Bulletins continued 


(P-32) PATTERNS FOR CASTINGS— 
Buyers guide has slide chart on cover 
which shows pattern recommendations 
according to casting quantity require- 
ments. Contains a complete glossary 
of terms and is illustarted. A brief 
description is given of the features 
found in the following equipment: 
cast iron patrerns, brass patterns, per- 
manent molds, aluminum patterns and 
matchplates, hardwood equipment, 
pine patterns of various grades and 
green-sand core molds. Master Pattern 
and Mold Co., Cleveland 13, Ohio. 


(P-33) CasTINGS— Brochure, 18 pp, 
describes facilities and gives composi- 
tions for some cast irons. Zenith 
Foundry Co., 1501 S. 83 St, Milwau- 
kee 14, Wis. 


(P-34) ToccLE CLAMPS— Booklet, 8 
pp. describes work-holding devices for 
welding, drilling, reaming, bonding, 
plate and sheet fabricating, woodwork- 
ing and general assembly. West Point 
Mfg. Co., 26935 W. Seven Mile Road, 
Detroit 19, Mich. 


(P-35) PROPERTIES OF CASTINGS— 
Calculator type of chart provides the 
engineering characteristics of all met- 
als in the four major classifications 
under which this company's castings 
are produced. Meehanite Metal Corp., 
714 North Ave., New Rochelle, N. Y. 


(P-36) ALUMINUM CASTING AL- 
Loys—Brochure, 6 pp. Properties of 
an aluminum-base alloy series for 
high-strength castings without heat 
treatment are given together with a 
discussion of its castability and ma- 
chinability. High  machinability of 
Ternalloy, which approaches 5,000 
sfm, is explained and compared with 
various other metals and alloys. Apex 
Smelting Co, 2537 W. Taylor St, 
Chicago 12, Ill. 


(P-37) STAINLESS STEEL CASTINGS 
—Chart, 4 pp, designates specifica- 
tions, analysis, physical properties and 
uses of a number of corrosion-resistant 
and heat-resistant stainless steels. It 
correlates the AISI type number and 
ASTM and SAE designations with this 
foundry’s and ACI designations, so 
that users can readily identify the 
properties of their castings. In addi- 
tion, principal alloying elements are 
given and helpful remarks regarding 
behavior of each steel in use are in- 
cluded. Empire Steel Castings, Inc., 
Box 139, Reading, Pa. 
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PRODUCTS OF AMPLEX POWDER METALLURGY— 


eu» Self-Lubriccting, Heavy Duty Bearings 


Heavy-Duty OILITE Bearings function efficiently under heavy loads 
at moderate speeds and readily absorb shocks and stresses because of the 
built-in oil cushion. They are used extensively by every known industry 
for everyday bearing needs. IDEAL in applications where positive lubri- 
cation maintenance is uncertain due to the human element, self-lubri- 
cating OILITE Bearings are unexcelled in “trouble” areas difficult or 
impossible to lubricate. 

The original oil content frequently provides lifetime lubrication but 
subsequent lubrication can easily be provided for, if needed. 

Heavy-Duty, Self-Lubricating OILITE Bearing Material is also avail- i 
able from dealer stocks. Cores and Solid Bars range in size from 14” ёо 
15 14" I D and 1” to 18\” OD. Also available in Plates, Discs and Strips. cw 

It may be readily machined into bearings of any desired size or shape. ‘> 
Widely used for maintenance, it effects lasting repairs and can be used 
for test and experimental purposes. 


® Precision Finished Machine Parts 


OILITE Precision Parts are die-pressed metal powder parts made in a 
broad range of ferrous and non-ferrous metals and alloys. Physical prop- 
erties range up to the equivalent of low carbon steel. They operate more 
quietly and wear longer than similar solid materials and may be self- 
lubricating if desired. 

By eliminating up to 36 conventional machining operations, OILITE 
parts effect direct savings up to 96%. OILITE Precision Parts are fre- 
quently produced at less than the cost of rough castings. Tool costs are 
modest and prompt deliveries can be arranged. 


e» Porous Metal Filters 


OILITE Permanent Metal Filters provide uniform depth filtration of 
particles as small as two (2) microns. These units are strong and rigid 
and may be readily cleaned by reversing flow or back-flushing with a 
solvent. Other advantages include unusual freedom of design, long life 
and low cost. 

SOME OF THE MANY USES include filtering, diffusing and con- 
trolling the flow of gases and liquids, separating liquids having different 
surface tensions, removing moisture from air streams, acting as sound 
deadeners and flame arrestors, serving as wicks for lubricating air streams, 
and acting as snubbers on pneumatic tools. 

A WIDE CHOICE of shapes, sizes, porosities and materials assures 
exact conformity to product requirements. 


OILITE Permanent Metal Filters can be plated and are easily NUNC IF eae SE 


bonded to other metals. 


Let Chrysler-Amplex help you with your Bearing, Parts, Filter or Special Product 
Problems. Extensive research and production facilities stand ready to assist you. 
OILITE field engineers, supply depots and dealers in all principal cities. Overseas 
distribution thru Chrysler Export. 


KD Only Chrysler makes OIITE tomar siene 


tion on "n 

bearings, finis ma- 

CHRYSLER CORPORATION * AMPLEX DIVISION ine Suh. filters and 
Е a other r metal units. 

Dept. FA Detroit 31, Mich. 52 —— — — 

for OILITE Engineer- 

ing Manual E-55. 
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SUPERIOR QUALITIES 
... because they're Shenango centrif- 
ugal castings. Typical, these flanged 
mill stand bearings of bronze have 
greater strength, closer-knit grain, 
better machining characteristics 
than ordinary castings. Won't such 
qualities pay off in the symmetrical 
parts you need? For helpful She- 
nango bulletin on centrifugally cast 
ferrous or non-ferrous parts, rough 
or finished, write to: Shenango- 
Penn Mold Company, Centrifugal 
Castings Division, Dover, Ohio 
(Executive Offices: Pittsburgh, Pa). 


| Catalogs and Bulletins continued 


| (P-38) Cast STAINLESS CHARACTER- 
| ISTICS—Booklet of eleven reference 
sheets covering the major stainless 
alloys covers chemical composition, 
mechanical and physical properties, 
resistance to major corrosive solutions, 
machinability, heat treatment and 
weldability. In addition, the equivalent 
ACI, AISI, SAE and ASTM desig- 
nations are given. Cooper Alloy 
Foundry Co., Hillside, N. J. 


(P-39) INVESTMENT CASTINGS — 
Booklet, 12 pp, contends that, when 
all cost factors (amortization of tools, 
cost of secondary machining or finish- 
ing operations, assembly) are con- 
sidered, the true cost of investment 
castings is often very low in either 
large or small quantities. An actual 
comparison of the operations involved 
in the fabrication of a production part 
by machining from bar stock and by 
investment casting is presented as a 
means of determining savings that this 
company states may be realized. Pic- 
tures show investment casting meth- 
ods from the building of dies to 
inspection and gaging of the finished 
castings. Hitchiner Mfg. Co., Milford, 
N. H. 


(P-40) HOLDING FIxTURES—Catalog, 
34 pp, describes chucks, holders, man- 
drels, air cylinders, speed indexers, 
cutting bars and special holding fix- 
tures. Gives specifications on model 
dimensions and ranges. Data on rec- 
ommended uses and possible produc- 
tion savings is also included. Erick- 
son Tool Co., 23 and Hamilton, Cleve- 
land 14, Ohio. 


(P-41) DIE CASTING—Booklet, 28 
pp, discusses this production method 
as it affects product design, machin- 
ing requirements and surface finish. 
Zinc, aluminum, magnesium and 
copper-base die casting alloys are dis- 
cussed including advantages and limi- 
tations with regard to cost, dimen- 
sional accuracy, surface finish, strength 
and machinability. Chart lists for each 
alloy, its ASTM and SAE designations, 
composition by weight, properties and 
constants in the as-cast condition. 
American Zinc Institute, Inc, 60 E. 
42 St, New York 17, N. Y. 


CENTRIFUGAL 
CASTINGS 


| pare properties of these steels and 


(P-42) LEAD TREATED STEELS — 
Booklet, 8 pp. Tables and graphs com- 


COPPER, TIN, LEAD, ZINC BRONZES 
ALUMINUM AND MANGANESE BRONZES 


MONEL METAL 
NI-RESIST MEEHANITE METAL 


others. Copperweld Steel Co. Dept. 
| 18, Warren, Ohio. 
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Catalogs and Bulletins continued 


(P-43) STEEL AND GREY IRON CAST- 
INGS—Booklet, 14 pp. Includes tables 
of characteristics and properties of 
steel casting alloys available from this 
supplier, together with their chem- 
istries and alterations obtainable by 
means of heat treating. Riverside 
Foundry, Bettendorf, Iowa. 


(P-44) CHROME-NICKEL STEELS — 
Catalog, 13 pp, describes No. 158, a 
case hardening steel, and Carpenter 
No. 5-317, either a hard-tempering or 
tough-tempering steel, depending upon 
heat treatment. Analysis, physical 
properties, working instructions and 
stock sizes available are provided. 
Carpenter Steel Co., Reading, Pa. 


(P-45) Toot STEELS—Chart shows 
15 comparable tool steels arranged ac- 
cording to brand names and giving 
classifications, various specification 
numbers. Uddeholm Co. of America, 
Inc, 155 E. 44 St, New York 17, 
N. Y. 


(P-Á6) TUNGSTEN — Brochure, 20 
pp, devoted to the manufacture, prop- 
erties, and uses of tungsten. Sylvania 
Electric Products, Inc, 1740 Broad- 
way, New York 19, N. Y. 


(P-47) ALUMINUM ALLOYS AND 
MILL PropucTs—1954 Data book, 
220 pp. A table of contents, a 2-pp 
index of tabular matter, and a 20-pp 
itemized cross index with references 
both to text and tabular information 
are provided. First few pages discuss 
the wrought aluminum alloys, their 
nomenclature and heat treatment. 
Next, forty-three different aluminum 
mill products are defined and their 
manufacture described. A section on 
fabrication then briefly covers blank- 
ing, forming, drawing, spinning, ma- 
chining, forging, welding, brazing, 
soldering, riveting, surface finishes; 
casting methods, foundry practices are 
described with definitions of 17 
aluminum pig and ingot products used 
in the foundry. Next section is de- 
voted to physical properties and the 
atomic and  radio-active properties. 
Here half-life and thermal neutron 
absorption cross sections are discussed 
for the first time. Discussions on 
chemical properties and mechanical 
properties then follow. Dimensions 
and weights of various mill forms are 
provided in a separate section. Reyn- 
olds Metals Co., 2500 S. 3 St., Louis- 
ville 1, Ky. 
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THE PLUS VALUE 
OF SERVICE 


yk Precision '"Extrusioneering'" is an expanded 
aluminum extrusion service designed to assist 
you in developing new ideas to cut manufacturing 
costs and improve product quality. A competent 
staff of PE engineers, with broad practical ex- 
perience in all types of fabricating operations, 
are available to work with you in analyzing your 
need for possible cost-cutting extrusion appli- 
cations. They can, for example, help you reduce 
fabricating costs, simplify assembly problems, 
eliminate machining operations, or provide 
greater strength and stability for your product. 


A Non-Competitive Mill Source 


At PE you can choose from over 4000 standard 
shapes without die service charge, or if you wish, 
PE will assist in the design of special shapes to 
suit your exact functional requirements. РЕ 
specializes in the job of PRODUCING EXTRU- 
SIONS ONLY... they do not fabricate, they do 
not manufacture any other product. Facilities 
are complete from billet casting to finished ex- 
trusion and include the latest methods of scien- 
tific quality control. Why not call in a PE engineer 
today for free ''extrusioneering'' assistance. Your 
inquiries will receive confidential and personal- 
ized attention. 


FREE 12-PAGE BULLETIN 
Write today for free technical bulletin 
illustrating and describing PE services and 
advantages of the aluminum extrusion 
process. 


PRECISION EXTRUSIONS 


729 E. GREEN AVENUE BENSENVILLE, ILLINOIS 
Chicago TUxedo 9-1701 Phone: Bensenville 98 
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RESEARCH THAT 
MEANS SERVICE 


CHIEF SANDUSKY 


FERROUS AND 
NON-FERROUS 
CENTRIFUGALLY 
CAST SLEEVES, 
ROLLS, COVERS, 
LINERS, CHUTES, 
RETORTS, RINGS, 
TUBES, BUSHINGS, 
BEARINGS, GEAR 
BLANKS, ETC. 


You want more than 
just a product when you 
purchase centrifugal 
castings. You want service, the kind of service 
that’s backed by over 40 years’ experience in 
the manufacture of a quality product. And 
that’s what you get from Chief Sandusky. 


Our greatly expanded research department—enlarged 
in both equipment and staff—is always available to de- 
velop workable solutions to your multiple or one-of-a-kind 
design requirements. And with the recent addition of high- 


frequency induction melting furnaces, Chief Sandusky 


is now your logical source of supply for both ferrous and 
non-ferrous centrifugal castings. In addition to these serv- 
ices is the “plus” of practical help by field representa- 


tives or phone whenever a problem arises. 


Remember, you can always count on Chief 
Sandusky for something extra in quality, product 
uniformity, and special service. 


C. M. Lovsted & Co., Seattle, Wash. + Tynes Bros., Birmingham, 
Ala. . Cordes Bros., San Francisco and Wilmington, Calif. 


a) Chico} SANDUSKY 
Hl CENTRIFUGAL CASTINGS | 


— FERROUS AND NON-FERROUS | 


SANDUSKY FOUNDRY AND MACHINE CO., Sandusky, Ohio | 
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(P-48) STAINLESS AND HIGH ALLOY 
TUBING—Booklet, 48 pp, describes 
what is said to be the widest range 
of sizes (¥ to 40 in. OD) produced 
in the tubing industry. It illustrates 
and describes the company’s tubing 
manufacturing methods from metal- 
lurgical testing at the start, through 
welding, cold-working, annealing, 
pickling and passivating, testing and 
final inspection. 

The booklet includes a_ practical 
guide to help users select tubing. It 
lists the nine basic classifications of 
this manufacturer's tubing and gives 
typical applications, characteristics and 
related information. A corrosion table 
is included to give further help in 
selecting tubing. 

Other tables in the booklet show 
physical, chemical and electrical prop- 
erties of other alloys (Inconel, illium 
R, Hastelloy alloys, titanium), theo- 
retical weights of stainless steel tub- 
ing, wire and sheet metal gages and 
internal bursting and test pressures. 
Pertinent information on welding, 
bending, and installation techniques is 
also provided. Crucible Steel Co. of 
America, Henry W. Oliver Bldg, 
Pittsburgh 22, Pa. 


(P-49) POWDERED METAL PARTS— 
Folder, 4 pp, lists metal specifications 
for sleeve bearings, bushings and 
shapes, as well as typical sizes and 
tolerances. Detroit Sintered Metals 
Corp., 18434 Fitzpatrick Ave., De- 
troit 28, Mich. 


(P-50) POWDER STEEL PARTS — 
Folder, 4 pp, provides data on sin- 
tered parts, said to have ductility and 
strength in the range of low-carbon 
steel. Amplex Chrysler Corp., P. O. 
Box 2718, Detroit 31, Mich. 


(P-51) STAINLESS STEEL CASTINGS 
—Booklet, 8 pp, contains descriptions 
and tabular recommended applications 
for various stainless casting alloys. 
Waukesha Foundry Co., Waukesha, 
Wis. 


(P-52) TITANIUM ALLOY—Booklet, 
4 pp, gives complete physical proper- 
ties, forging recommendations for 
MST 3A1-5Cr alloy. This is an alloy 
containing 3 percent aluminum, 5 
percent chromium and Jess than 0.1 
percent carbon, and was developed 
primarily for bar and forging applica- 
tions. Mallory-Sharon Titanium Corp., 
Niles, Ohio 
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15 FACTORS IN GOOD 
DIE CASTING DESIGN 


DESIGNING + ENGINEERING + TOOLING 
CASTING + MACHINING + FINISHING 


NPC Integrity, quality and service have made important 
contributions to all industry since 1922. Our proved skills 
in every department coupled with a deep sense of our 
responsibility to our customers make N PC a respected name 
in die casting. 


. Select proper alloy. 
2. Use uniform wall thicknesses. 
. Avoid sharp corners—use fillets and radii. 
. Round out side corners. 
5. Allow draft so castings can be readily removed from die. 
Wasting Design,” `. Use close tolerances only where necessary. 
. Consider ease of die parting. 
. Avoid undercuts (if possible) to simplify die construction. 
. Avoid coring very small holes unless necessary. 


E. eight pages of 


valuable | 
. Consider inserts of different metals as part of casting. 


illustrated Y А ч 11. Cast on studs or rivets for assembly purposes. 


Ж m 2. Use bosses and ribs where applicable to simplify, strengthen 
[tables and data ' and/or lighten castings. 


3. Avoid large perfectly flat surfaces (relative to thicknesses). 
4. Determine finish desired for die casting. 


2. Specify part numbers, trademarks, instruction plates for die 
casting. 


ALUMINUM 
DIE CASTING ZINC 
MAGNESIUM 


Excellent Tool- Making Facilities 
NEW PRODUCTS CORPORATION 


NN Оу Wm M ж ла и "M чл TO NM 





SKILL 
EXPERIENCE 
VERSATILITY 


give/you the Finest Investment Castings 


These are the three fundamentals of Austenal production. 
Only all three brought together can guarantee the finest invest- 
ment-cast parts for American defense and industry. 

By means of Austenal’s Microcast process such exact parts 
as jet turbine buckets and vanes are being cast, eliminating 
costly machining and holding finishing to a minimum. Thus, 
these vital jet components are available for national defense in 
greater numbers and more economically than ever before. 

These three factors of sound production can work effectively 
for industry. Austenal has solved many industrial problems 
where fine, accurate and dependable cast parts were required 
for efficiency as well as economy. 

Depend upon Austenal’s greater skill, versatility and experi- 
ence when you need investment castings. These are your 
assurance of the finest precision cast parts. 


$ee Austenal's original, informative 16mm color movie, “A Story 
of Industrial Progress". Write for loan of the film at no cost. 


ustenal 


LABORATORIES, INC. 
microcasf division 


224 EAST 39th STREET * NEW YORK 16, N. Y. 
7001 SOUTH CHICAGO AVENUE * CHICAGO 37, ILL. 


Catalogs and Bulletins continued 
(P-53) METAL TUBING — Bulletin 
40, 8 pp, contains information needed 
for selecting 46 principal analyses of 
tubing. Stainless steel, nickel and 
nickel alloys, carbon and alloy steels, 
beryllium copper and titanium are 
covered. A short summary of the prin- 
cipal properties of each analysis and 
its normal production limits is given. 
The properties of six glass sealing 
alloys, used primarily for glass-to-metal 
seals in the electronic and electrical 
manufacturing industries, also are 
given. Superior Tube Co., 1556 Ger- 
mantown Pike, Norristown, Pa. 


(P-54) NICKEL CAST IRONS—Bulle- 
tin A-69, 28 pp, presents character- 
istics of nickel cast irons in 27 useful 
tables, charts and photomicrographs 
showing how through the use of 
nickel, alone or in combination with 
other alloying elements, the engineer- 
ing properties of cast iron can be con- 
trolled to meet service requirements. 
International Nickel, 67 Wall St., New 
York 5, N. Y. 


(P-55) STAINLESS TUBING AND PIPE 
—Catalog, 36 pp. Each of 11 types of 
fabrication is described separately, 
with drawings and photographs. Help- 
ful hints tell how to design for econ- 
omical fabrication. A basic section 
gives the fabricating characteristics of 
ferric, austenitic and certain specialty 
steels. Tables provide detailed informa- 
tion on cold bending and coiling of 
both tubing and pipe. Carpenter Steel 
Co., Union, N. J. 


(P-56) POROUS STAINLESS STEEL— 
Booklet, 45 pp, provides properties of 
available porous metals, including 
Type 304 and 316 stainless steels, 
nickel, Monel, Stellites and other 
alloys. Included also are data on the 
various porous stainless steel filter ele- 
ments and containers—some with filter 
areas up to 1000 sq. ft—and their 
laboratory and plant-scale application. 
Micro Metallic Corp., 30 Sea Cliff 
Ave:, Glen Cove, N. Y. 


(P-57) CLAD STEEL PLATES—Book- 
let, 6 pp, discusses 16 alloy claddings 
on a variety of backing steels. Lukens 
Steel Co., Coatesville, Pa. 


(P-58) COPPER-BASE CASTINGS — 
Booklet, 8 pp, provides composition 
and properties of high nickel content 
copper casting alloy. Waukesha 
Foundry Co., Waukesha, Wis. 
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HERE’S PART OF THE STORY 


Fusionweld thin-wall steel tubing is produced by a special 
technique developed in our mills by a hi-cycle type of 
resistance welding. The tubing is then annealed in specially 
designed furnaces and cold drawn by a unique die sinking 
process which provides a perfectly smooth O.D., imparts a 
high degree of tensile strength and toughness, making it 
especially resistant to vibration and fatigue—hence ideal 
for automotive applications. 


The microphotograph of a cross section of Fusionweld at the weld 
illustrates the complete homogeneity of grain structure present in 
both the weld and adjacent wall. This important feature insures a 
tougher, stronger, more ductile tubing, completely impermeable. 
The result is easier, more reliable forming and fabricating of 
o single wall tubing that is proof against splitting, tearing and 
checking —regardless of intricate flaring, beading, swaging or 


sharp angle bending specifications. 


Fusionweld, because of its reputation for reliability, ease of form- 
ing, minimum scrap loss and volume production economies is 
rapidly becoming the preferred steel tubing for hydraulic auto- 
motive brake lines. All Fusionweld specified for this purpose under- 
goes a rugged impact test of 6000 PSI to withstand the toughest 


braking tests in car, bus, truck or tractor. 


Vv vv NOW GET THE PROOF « ү У / 


Let us tell you the complete 
story on Fusionweld for brake 
lines . . . its amazing perform- 
ance records and cost cutting 
advantages. Today millions of 
feet monthly are employed by 
mofor car manufacturers. 


Ovr current catalog will be mailed on request. 


UBE DIVISION 
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this manufacturer planned 
for die-casting savings... 


» nd 
A 


SCOTCH sac seater built for 
Minnesota Mining and Manufacturing by 
Specialty Manufacturing Co. Die castings 


by Twin City Die Castings Co. 


here’s how 


TWIN CITY DIE CASTINGS 


helped SPECIALTY MFG. COMPANY 
make die-casting pay better! 


Specialty Manufacturing Company planned this Bag Sealer 
for die-casting from the start. Working closely with Specialty 
engineers, Twin City Die Castings Company developed dies 
and cast the two side plates, tape drum, spring cap and 
mounting plates. Thorough-going cooperation in planning 
for die-casting, made possible the utmost in die-casting 
efficiency . . . plus reduced designing costs and production 
lead time. 

When you plan your product for die-casting by Twin 
City, you avoid false starts and costly design changes. 
Frequently it is possible to develop dies which eliminate 
machining operations while improving the product — you get 
higher quality and greater salability at a lower per-unit cost. 


Get the facts for yourself! Find out how you can save by 
planning your product for die-casting by Twin City —oldest 
and most experienced die-casters in the Upper Midwest. 
Your letter or phone call will receive immediate, executive- 
level attention. 


TWIN CITY DIE CASTINGS CO. 


3351 TALMAGE AVE. S.E. «© MINNEAPOLIS 14, MINNESOTA 


PS f 


Catalogs and Bulletins continued 


| (P-59) ALUMINUM CASTINGS AL- 
| Loys—Handbook, 60 pp: Following 
specifications, cross-indexed, are in- 
cluded: Federal Navy, Military, So- 
| ciety of Automotive Engineers, Aero- 
| nautical Material Specifications, Amer- 
| ican Society for Testing Materials. 
| These pertain to sand and permanent 
mold castings, die castings and ingots. 
| Industry nomenclature and nominal 
compositions are given for wrought 
alloys. 
Heat treatment, corrosion, and the 
effect of alloying elements such as 
| copper, magnesium, silicon, manga- 
nese, iron, zinc, nickel and titanium 
| are thoroughly discussed. Gas removal, 
| moisture effects, shrinkage, cracks, 
dross, pouring temperature and test 
bars are covered in the section devoted 
to sand and permanent mold castings. 
Also described are melting, fluxing and 
| related problems of die casting. Fed- 
| erated Metals. Div., American Smelt- 
| ing and Refining Co., 120 Broadway, 
| New York 5, N. Y. 


(P-60) NICKEL ALLOY CASTINGS— 
Booklet, 15 pp, provides properties 
and gives some specifications on sand, 
centrifugal and precision investmene 
castings. International Nickel Co., Inc., 


67 Wall St., New York 5, N. Y. 





(P-61) ALUMINUM MILL PRODUCTS 
—Brochure, 16 pp, contains a com- 
plete wrought aluminum alloy selec- 
tion guide, which outlines general 
properties of various aluminum mill 
products and lists their applications. A 
casting alloy selection guide also is 
included. The various methods of 
fabricating and finishing aluminum 
are also briefly explained. Reynolds 
Metals Co., 2500 S. 3 St., Louisville, 
Ky. 


(P-62) LEADED ALLOY STEEL—Bul- 

letin 14-5, 8 pp, describes “Rycut 40,” 

said to be the fastest machining alloy 

steel in its carbon range (0.40 car- 

bon). Included are case studies show- 
| ing machining comparisons, increased 
| production and typical savings in cost 
| of parts. Joseph T. Ryerson & Son, 
| Inc., Box 8000-A, Chicago 80, Ill. 


| (P-63) STEEL AND IRON CASTING— 

Folder, 8 pp, describes characteristics, 
| list properties and carries engineering 
| information on hardenability, section 


| strength and comparative properties. 


American Brake Shoe Co., 230 Park 
Ave., New York 17, N. Y. 
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Illustrated above are four of fifty-eight columns 
fabricated, machined and assembled by Mahon 
for a well known press manufacturer. These and 
the parts and assemblies illustrated at left are 
typical of thousands of Steel-Weld Fabricated 
units produced and machined by Mahon for manufacturers 
of processing machinery, machine tools, and other types of 
heavy mechanical equipment. If you use weldments, or if 
parts of your product could be produced to better advan- 
tage in welded steel, you will find in the Mahon organization 
a unique source with complete facilities for design-engineer- 
ing, fabricating, machining and assembling. Send prints for 
fast action, or have a Mahon engineer call to discuss your re- 
quirements. A Booklet showing Mahon facilities and examples 
of superior craftsmanship will be forwarded on request. 


Us. Bo. LL. MANSUS. CUBPAMTRY 
DETROIT 34, MICHIGAN 


Engineers and Fabricators of Steel in Any Form for Any Purpose 


й 
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There’s a LAPEER 


Clamping Device to meet 
your every clamping need 


FOR FAST HELP 
ON DESIGN PROBLEMS 


consult the 


PRODUCT INDEX 
of this HANDBOOK ISSUE 


— unmatched for rugged use, 
dependability, speed and 


long service (Begins on Page 12) 


Every product advertised in this 
issue is indexed there for ready 


reference. 


Among them may be exactly 


what you need right now. 


The advertisements for all these 
products will give you many useful 


ideas . . . and more information is 
quickly available from each adver- 
tiser. 


Exhaustive tests in laboratory and years of practical use 
have made these LAPEER devices the choice of the leading To get any additional facts 


manufacturers for applications in drilling, grinding, welding, 


ond in all operations requiring fast and reliable clamping. | you want use the handy post cards 
Recognized as clamping engineers, we can give you much 7 


valvable assistance on any set-ups involving the clamping in front of this issue, or the cou- 


and holding of parts during processing. Let us help you; our 
engineers will gladly discuss your clamping problem at 


your plant. pons you'll find at the end of each 
Send for complete catalog. aa HANDBOOK ISSUE Section. 


KNU-VISE м 
ELEN LAPEER N 


3061 DAVISON ROA _ LAPEER, "MICHIGAN 
ESTERN DIVISION — —1 MAGNOLIA ALE. CALIF 
CANADIAN — HIGGINSON ENGR . LTON, ONT 
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Catalogs and Bulletins continued 


(P-64) EXPANDED METALS—Cata- 
log, 28 pp. Describes line of standard 
and flattened expanded metal, and ex- 
panded metal gratings. Included are 
tables of sizes, weights and dimensions 
for different meshes, in carbon steel, 
aluminum, stainless steel, Monel and 
Inconel. Air flow tables, fabrication 
data are also given. Grating informa- 
tion includes deflection tables as well 
as sizes, weights and dimensions. Penn 


Metal Co., Inc., Parkersburg, W. Va. 


(P-65) HEAT - TREATED STEEL — 
Booklet, 8 pp, describes, with pictures, 
heat treating method for cold-finished 
steel bars and gives properties avail- 
able in material processed in this 
equipment. Jones & Laughlin Steel 
Corp., 3 Gateway Center, Pittsburgh 
30, Pa. 


(P-66) COLD - ROLLED STEELS — 
Booklet, 32 pp, contains up-to-date 
information on cold rolled specialties, 
including stainless, alloy, and carbon 
spring steels. Melting, condition or 
temper, edge, finish, and packing are 
also discussed. Included is a brief de- 
scription of many special purposes 
items and data showing hardness con- 
version numbers, decimal equivalents, 
and weight-size tables. Crucible Steel 
Co. of America, Box 88, Pittsburgh 
30, Pa. 


(P-67) STAINLESS STEEL PIPING— 
Bulletin TB-356, 6 pp, outlines meth- 
ods of bending and joining stainless 
pipe and discusses the problem of 
light wall versus heavy wall pipe. 
Also included is a table of dimen- 
sions and weights of various pipe 
size schedules. Condensed technical 
data on mechanical and physical prop- 
erties of the more popular stainless 
steels used for piping is provided. 
Babcock & Wilcox Co., Beaver Falls, 
Pa. 


(P-68) ZIRCONIUM-BOOKLET — 64 


pp, describes history and production 
of zirconium. The mechanical and 
physical properties, chemical proper- 
ties, facts about fabrication of zir- 
conium such as melting, forging, 
rolling, welding, machinability are 
discussed. One chapter treats of zir- 





The master rolls of this camshaft gage (see arrow) have been Flame-Plated with 
tungsten carbide, Service life has been increased 32 times. 


Flame-Plated gage rolls 
last 32 times longer 


The short service life of master rolls in a special camshaft gage 
posed a knotty maintenance problem fora large automotive manu- 
facturer recently. It was discovered that a groove would appear in 
the regular high-speed steel rolls after gaging 2400 pieces in the 
course of two days’ operation. This situation meant that the rolls had 
to be changed frequently and, what was more important, the possi- 
bility of passing sub-standard parts was increased. 

This problem was solved by having the steel master rolls Flame- 
Plated with a coating of tungsten carbide. The hard tungsten carbide 
coating resisted wear to such a high degree that no grooving was 
evident after 78,000 pieces . . . three months’ work... had been 


passed through the gage. The result? Less down time and a high 
degree of accuracy over a long period of time. 

Flame-Plating is LiNpE's process performed in LivpE's plants for 
depositing a tungsten carbide coating on metal parts. Finished or 
semi-finished parts made of most metals can be Flame-Plated without 
distortion as the temperature of the part being plated does not 
exceed 400 deg. F. The coating may be used in as-coated condition 
(similar to fine emery paper) or ground to a fine finish. 

For the full Flame-Plating story, call your nearest LINDE office 
today or write for your free copy of the Flame-Plating Booklet. 


design with Flame-Plating in mind 


LINDE AIR PRODUCTS COMPANY 
A DIVISION OF UNION CARBIDE AND CARBON CORPORATION 
30 East 42nd Street, New York 17, N. Y. [A Offices in Other Principal Cities 
In Canada: LINDE AIR PRODUCTS COMPANY 


Division of Union Carbide Canada Limited, Toronto 


conium chemicals such as zirconium 
tetrachloride, dioxide, sulphate. The 


appendix lists data on crystallographic 
features, atomic and nuclear proper- 
ties. Carborundum Metals Co., Inc., 


Akron, N. Y. “Linde” isa trade-mark and“ —— is a service mark of U.C.C. 


Product Engineering — Mid-October, 1955 





ALL YOUR WORK HOLDING 
NEEDS from ONE SOURCE 


TOGGLE CLAMPS 


Hardened steel bushings and pins provide for 
longer wear—eliminate elongated holes and pin 
shearing. 

35 TYPES & $!7Е$ 


A CLAMP for EVERY NEED 
Write for Catalog 


FIXTURE CLAMPS 


15 STYLES — 136 SIZES 


There is a WESPO Clamp Assembly to 
suit every job—15 styles—136 sizes. 


OVER 900 COMPONENTS AVAILABLE 
including NEW PARTS — NEW SIZES 


WESPO REPRESENTATIVES 


ARIZ. Industrial Tool Supply, 120 8. Euclid St., Tucson, Arizona 

CALIF. Don G. Jenness Co., 3010 E. Olympic Blvd., Los Angeles 23, Cal. 
CONN. Nickson Tool Sales Co., 94 Broadway, North Haven, Conn 

GA. Cummins Machinery Co., 182 Courtland St., N.E. Atlanta, Ga 

ILL. J. R. Reinertsoa Co., 4474 Lake Ave., Chicago 44, Ill. 


IND. Standard Die Supply, 26 East McCarty St., Indianapolis, Ind 
H. W. Hehl Co., 1958 E. Ewing Ave., South Bend, Ind. 


KAN. Cummings & Co., 115 E. Lewis St., Wichita 2, Kan. 
MD. W. C. Chapman & Sons, 4705 Erdman Ave., Baltimore 5, Md 


MICH. Hodgson-Geisler Prod. Co., 18917 James Couzens Highway, Detroit 35, 
Mich 


Hayden Supply Co., 41 Market, 8.W. Grand Rapids, Mich. 
MINN. The Stone Co., 1019 Marquette Ave., Minn. 3, Minn. 


N.J. Fidelity Tool Supply, 309 Vine St., Camden 2, N. J. 
Michigan Clamp Agency, 17 James St., Bloomfield, N. J. 


N.Y. T. R. Goldsmith & Son, 33 Clyde Ave., Buffalo 15, N. Y 
Roessel & Co., 683 Hudson Ave., Rockester 21, N. Y. 
Hub City Factory & Mill Supply, Oswego Road, Liverpool, N. Y. 


OHIO T. E. Wardrope Agency, 1929 Lee Road, Cleveland Heights 18, Ohio 
H. D. Geisler Co., 2715 Salem Ave., Dayton 6, Ohio 
Midwest Die Supply, 1671 Fernwood Ave., Toledo 7, Ohio 


PENN. Fidelity Tool Supply, 19th & Chestnut St., Harrisburg, Pa. 
The Saville Company, 739 Rebeca Ave., Pittsburgh 21, Pa. 


R.i. Durant Tool & Supply, 136 8. Water St., Providence, R.I. 

TEX. Tool Products Co., 147 Payne St., Dallas, Texas 

WASH. H. F. Soderling & Co., 1729— 1st Ave., So. Seattle 4, Wash. 
WIS. Bell Well Sales, 1323 N. Water St., Milwaukee 2, Wis. 

CANADA A. R. Williams Co., 64 Front 8t., Toronto 1, Ont. 


Write for Free Template Catalog. 


WEST POINT MFG. CO. 


26935 W. 7 Mile Rd., Detroit 19, Michigan 


FREDDY FEDERAL 





@ Designers 

@ Purchasing Agents 

@ Engineers 

@ Superintendents 

@ Managers 

FULL OF 
SHORT RUN 
will rush your 
copy today! z 1 STAMPING 


TIPS! 


Costs, materials, and procedures graphically 
illustrated. New catalog tells where and 
how you can save money using Short Run 
Stampings. Also design tips to reduce 
stamping costs. 


Write for your copy of catalog 201 today. 


TOOL AND MANUFACTURING CO. 


ALABAMA AVE. * MINNEAPOLIS 16, MINN 
JUALITY STAMPINGS IN SMALL QUANTITIES 


IF THIS I$ YOUR PROBLEM 


If you need effective, highly readable, 
smartly illustrated company literature 
(booklets, pamphlets, manuals) to dis- 
play your products, inform the public of 
your operations, attract key personne! to 
your plant, train employees, and perform 
any of the other communicative functions 
that are vital to your business . . . 


THIS I$ YOUR ANSWER 


The McGraw-Hill TECHNICAL WRITING 
SERVICE has a staff of more than 150 
highly-trained writers, editors, and illus- 
tration specialists whose job it is to create 
technical and general literature for in- 
dustry. We write, illustrate, design, and 
print Equipment Manuals, Product Bul- 
letins, Handbooks, Company Histories, 
Annual Reports, and other specialized 
material. Save money and tirne. Let our 
staff be your staff for Technical and 
Business publications. ' 


This service is available through ad agencies. 
Write e Phone 
TECHNICAL WRITING SERVICE 
McGraw-Hill Book Co., Inc. 


330 W. 42nd St., N. Y. 36, N. Y. 
LOngacre 4-3000 
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Anoth advancement by 


AUPE 


New 19 Inch 
Hydroform makes... 


...now available by 
economical Hydroforming 


The new 19" Hydroform is an important addition 
to Kaupp facilities. This new machine makes it 
possible to produce larger parts than heretofore 
possible on the 12" Hydroform previously in- 
stalled. With both machines now in operation, a 
vast new field is open for design and develop- 
ment engineers who require prototype compon- 
ents. Your inquiries are invited. 


HYDROFORMING BY KAUPP SAVES TIME 
AND REDUCES TOOL COSTS — 


e Fewer drawing operations 
* Simple tooling 

e Fast set-up 

* Improved quality 


Specify Hydroforming by Kaupp for accurate 
forming and drawing of stainless steel, Inconel, 
aluminum, cold rolled steel, copper, brass and 
other alloys. 


|9 INCH HYDROFORMING- WORK CAPACITY: б 
| BLANK — 19” MAX. PRESSURE — 15,000 P.S.I. | 


DP E n E EUM 


Production and Development 


Metal Forming for Electronics, Є. ғ KAU per & SONS 
^ 


Nucleonics, Aviation, Marine 
and General Industry NEWARK WAY © MAPLEWOOD © NEW JERSEY 
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WAVE ALL THE NEWEST ELECTRONIC BALANCING FEATURES AND 
SAVE UP TO 50%... WITH A STEWART-WARNER 
NP" INDUSTRIAL BALANCER 


You can easily reduce your maintenance and production expense by having 

your large and small rotors in dynamic and kinetic balance... and you can easily 
save up to 50?6* of your initial balancer investment with a Stewart-Warner 
electronic industrial balancer. 

You'll find all Stewart-Warner electronic industrial balancers compact, 

extremely accurate and engineered for many years of trouble-free operation. 
Yov'll also find that Stewart-Warner electronic industrial balancers incorporate 
extreme minimum and maximum ranges...in each individual balancer... 

that often require several balancers of other makes. 


STEWART-WARNER'S ADVANCED FEATURES ARE NUMEROUS... 
HERE ARE A FEW... 
V4 Ib. to 25,000 Ib. weight range 
2" to over 96” diametral capacity € .005 in.-or. kinetic sensitivity 


© 412" to over 144” length range 


.03 in. ?-oz. dynamic sensitivity 


Convenient friction belt drive requires no adaptors 
and eliminates belt wrap-around problems 


Less than 2 minutes set-up time without supervision 
From $1295 including operator training 


These ore established capacities. Should your requirements exceed the 
above specifications, please write us stating your exact balancing problem. 


| Stewart-Warner Electronic Balancers ore manufactured and distributed by: 


engineering 


LEFORD WELDMENTS 


Greater design freedom Littleford 
weldments allow you can open up 
whole new frontiers of product 
development and improvement. 
There's no compromise with design 

Littleford fabricates your weld- 
ment exactly as you want it 


LITTLEFORD BROS., INC. 


508 E. Pear! St., Cincinnati 2, Ohio 


MERRILL 


DEPT. PE 1240 LINCOLN STREET 


weldments because they're deliv- 
ered from blueprint to you PDQ! 
For complete information on how 
Littleford weldments can give you 
and your product a lift, fill in and 
mail the accompanying coupon. 


Fabricators of plate 
and sheet metal 
products for industry 
since 1882 


laboratories 


DENVER 3, COLORADO 


BLUEPRINT TO YOU PDQ! 


Production officials like Littleford 


Send for 
free bulletin 


Gentlemen 
Please send me at once my free copy of Littleford 
plate and sheet steel fabricating booklet. 


Nome ч —Title 





Company 
Address. 


o -————— ДЕВО State 
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MPONENT PART 


DOES YOUR CO If you can check 


one item on this 
list, send us your 
blueprints for 


BE MADE FROM BRASS, — i e eti m atin д ЯРА 


T IT SA 
5. ae ALUMINUM. - 


Well prove {а you 
AALGALOY 


can save you money on 


COMPONENT PARTS 


We have a new permanent mold casting 
process and an exclusive bronze alloy 
that team up to give you a big cost re- 
duction advantage in your products. 
Keep these facts in mind when you’re 
designing and planning production. 


Alcaloy castings are uniformly close- 
grained, clean, sound and free from cav- 
ities and surface flaws. All dimensional 
tolerances are held within specifications. 
This means low machining costs, less 
scrap, less shop equipment. First costs 
of castings often are lower than other 
types. 


Our special bronze alloy is non-spark- 
ing, non-magnetic, corrosion-resistant 
and light gold bronze in color. It re- 
mains free from tarnish and pitting. 
Some grades have the strength of steel 


do ACCURATE INSPECTION 


INSURES UNIFORM QUALITY 


Every phase of Alcaloy production is supervised 
by experienced metallurgists. We are licensed 


and hardness of C 35-40. This alloy is 
valuable in safety tools, machine parts, 
chains, fittings, utensils and many other 
products. 


We are increasing our facilities to in- 
sure prompt delivery on component 
parts. Send us blueprints or return the 
coupon below for the complete, money- 
saving Alcaloy story. 


ALCALOY, INC. 


P.O. BOX 503 TRENTON, NEW JERSEY 
ASSOCIATED WITH DICKEY INDUSTRIES 


Send information on Alcaloy Casting Process [] 
Send new Alcaloy catalog O) 


ааа ndings Жн .......... 


BEEN ге К یچ‎ 


by U. $. Atomic Energy Commission to use Co- — 


balt 60 in testing castings for internal flaws. You 
can depend on Alcaloy quality. Ev 


F 
c د‎ 


ب رھ 
m ай‏ 
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FOR DIE CAST COMPONENTS 


La STAMPINGS 


Produced economically in our modern plant 
for: 


AUTOMOTIVE, INDUSTRIAL EQUIPMENT, 
DOMESTIC APPLIANCE, AGRICULTURAL 
INDUSTRIES AND OTHERS; will boost your 


t ° . 
CHECK WITH output at material savings. 


ADVANCE 


PARTING LINE . facilities are geared to the volume usage of 
И. 


Our production, engineering and toolroom 


your industry. 
DRAFT ANGLES 
REDESIGN for product ap- | Send us your inquiries 


pearance — faster die cast 
production ....... 


cwension connor || LANSING STAMPING COMPANY 


POINTS .... 
1167 So. Pennsylvania Ave. 


Lansing 2, Michigan 





Serving Industry Since 1914 


A good way to improve 
your product's appear- 
ance — lower its cost — 
give impetus to its sales 
potential — is to start with your preliminary drawings. 


Particularly with zinc and aluminum die cast com- 
ponents, early planning solves many a design and 
production problem with happy advantages both to 
manufacturing economy and market appeal. 


Yes . . . for new product design . . . or redesign of 
existing products to improve market position . 
check your die cast component parts with ADVANCE 

. startin. vith early preliminary drawings. 





These symbols are your 
assurance of highest quality 
zine and aluminum alloys d 
under ASTM standards. 
for cable, bo tube; wire, rod 
and pipe . . . rubber or neoprene 
applied in desired thickness for 
complete or partial coverage to 
metal stampings of any size or 
shape . . . ARco form dipped rub- 
Д р y A № + Е ber parts, quickly, economically 
produced . . . these ARco products 


То 1 A N D D 113 and services are helping develop- AUTOMOTIVE 


ment engineers solve problems and 
C A Sf ` 6 К 0 simplify purchasing for manufac- — COMPANY - INC. 


tures. Consult ARco engineers Manufacturers * Designers * Enginee 


3760 N. Holton St today. сано рч — 
Milwaukee 12. Wi: Valuable literature ы : 
pus - — ARco RUBBER PROCESSORS 


ТГ, B 


ANYTHING CAN BE COVERED WITH RUBBER BY. . . ARco 
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Catalogs and Bulletins inet | WELPING DESIGN ENGINEERS 


(P-69) MICROMETERS—Pamphlet, 4 


pp. Includes illustrations of microm- | D © ve T н E і м о 0 $ $ I B L Е Р? Ww { T H 


eters being adjusted for wear by an 


exclusive method, of micrometers | i 
being checked for accuracy with gage i P4 v E STM E 7м T C A ST І wN G S S 


blocks and for parallelism with optical 
parallels, of a tool stand used for 
clamping a micrometer, of micrometer | 


sets in various combinations and of INTRICATE SHAPES 
depth micrometers. A price list in- DIFFICULT CONTOURS 


serted in the pamphlet contains, in 
* oe \ PUNCH GUIDE 
addition to prices on all items in the | — ] i 
E : Cast in Oil Hardening Tool Steel, a material f 
pamphlet, a listing of gage blocks in that would otherwise be very difficult to OVER 
h 1 & 5 F G Sch C | machine. A minimum of 5 machining opera- 
three types of sets. George ocherr Co., | tions are eliminated. It is one of many types 


200 Lafayette St. New York 12. N. Y. of tool steels that can be cast. 100 alloys, includ- 


ing carbon, alloy, 
stainless, tool 


(P-70) TEMPERATURE CONTROL -—— steels and cobalt 
Casting this complex part involving many alloys, plus copper 


ACCESSORIES— Catalog uses example faces ond contours — ae’ and aluminum 
2 | і t for th t thon if it were 
and tables to help determine the type | podnes Ka bar Пой, босо er by base alloys. 
° c i e 
of thermocouple and protective tube өмет. Сам ш OS. 
needed for virtually any operation. | 
Data are based on ISA “Recommended BEARING CAGE 
Practice 1.1” of Jan. 19, 1949. The A 
. E ie s | ast in one piece of manganese bronze. Formed 
outer margin of each page is indexed pocket on each vertical edge prevents rollers 
3 n а Ды from skewing.. A more rigid cage resulting іп 
or fast reference to other sections o longs cervice. 
the catalog. Each item is priced. Illus- | 
trations are drawings for clarity. The | 
last two pages are tabulated for main- DIFFICULT TO MACHINE 
taining stock records with provisions 
for listing the machine, thermocouple | 
8 Р RESET COUPLINGS 


catalog number, description, previous | 
E Has camtrack cast. Offers considerable saving 
purchase order number, and maxi- | in machining and set-up time as well as in 


ini 1 2 | aking of fixtures that would ordinarily be 
mum, minimum and in-stock headings. е IR E Edu aed ened 


West Instrument Corp., 525 N. Noble QUALITY to activate a circuit breaker. 
St., Chicago 22, Ill. 








guaranteed by vir- : 
tue of complete in- LEAD PLATE 


(P-71) GAS BURNING EQUIPMENT | spection facilities: Made in 356 Aluminum. Incorporates details diffi- 
—Catalog 55, 31 pp, illustrates and | d Zyglo. p tineis. Pest fo cued i» cessus iniu. 
describes burners, furnaces, valves, —*. aee 

torches, mixers, blowers and water | 
warmers for hardening, tempering, an- 
nealing and other such operations. BODY BRUSH HOLDER 


~, . + ` ` Cost in 304 stainless steel this generator part 
Johnson Gas Appliance Co., Cedar requires * minor secondary operations prior to 

ani , assembly. Production costs are lower and a saving 
Rapids, Iowa. effected in material used. 


(P-72) MEASURING AND CONTROL 
EQUIPMENT—Bulletin 004, 36 pp. 


HOLES CAST TO TAP DRILL SIZE 


lists equipment for the measurement 

and control of liquids and gases. Illus- PRECISION 
SUPPORT POST 

trated are types of controllers, gauges, SHELL 


; = — Е Vital part in television tube machinery. Formerly 
manometers, recorders, meters, valves, mede es à seperete ports. Now INVESTMENT CAST MOULDING 
Venturi tubes. All are applicable for of SAE 1045 in one piece with holes cast to tap drill 
water and sewage works power and size for A SAVING OF 30%! INVESTMENT CASTING in all metals men- 


processing industries. Simplex Valve om yup ee не аел. 
and Meter Co., 68 and Upland St., 
Philadelphia 42, Pa. 





E 1 à | ON REQUEST we will be glad to send our Brochure and all 
(P-73) RECORD-PLAYBACK CON- F $ other data to help you with your special casting problems. 
TROL—Bulletin GEA-6092, 6 pp. A ч 


system of recording motion on mag- ' = " | N ү E $ Т M E N T C AS Tl N G C 0 к 


netic tape and playing it back for 
60 BROWN AVENUE, SPRINGFIELD, N. J. 


automatic programming of produc- 
tion machines and processes. General «Ф 
Electric Co., Schenectady 5, №. Ү. Sales Representatives in Major Cities 
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Do you use blades, vanes or turbine and compressor wheels? 


We specialize in the production of investment castings of 


airfoil shapes produced with specialized equipment, under 


strict dimensional and quality control. 


DIVISION OF CONSOLIDATED FOUNDRIES AND MFG. CORP. 


Detroit Division 
253 ST. AUBIN AVENUE 
DETROIT 7, MICHIGAN 


LOrain 7-1545 


Are parts machined 
for you under... 


SALES OFFICES IN PRINCIPAL CITIES 


PRODUCERS OF AIRCRAFT AND INDUSTRIAL 


QUALITY CONTROL? 


At NON-GRAN they will be. 
We machine parts, in any 
metal, under industry's newest 
approach to better products, 
at lower cost. Isn't this the way 
you want parts machined for 
assembly in products you de- 
sign? Others find it pays in 
easier, faster assembly — far 
greater production control. See 


what it can mean to you, write 
for folder — "Better Production 


Control.” 


AMERICAN NON-GRAN BRONZE COMPANY 


Berwyn, Pa. . . . Metropolitan Phila., on the Penna. R. R. main line. 


Whitehall Division 
116 WEST GIBBS STREET 
WHITEHALL, MICHIGAN 


WHitehall 2-1515 


INVESTMENT CASTINGS 


Catalogs and Bulletins continued 


(P-74) TITANIUM TUBING AND 
PipE—Bulletin, 4 pp, describes two 
grades of titanium tubing and pipe. 
Physical properties of both grades are 
given together with data on corrosion 
resistance, machining characteristics, 
forming, welding, heat treating and 
cleaning. Carpenter Steel Co., Union, 
М. J. 


(P-75) Toor SrEELs—Booklet, 6 
pp. contains compositions, heat treat- 
ing instructions, other data on free 
machining tool steels. Vanadium Al- 
loys Steel Co., Latrobe, Pa. 


(P-76) METAL POWDERS—Bulletin 
l, 4 pp, provides a brief introduction 
to powder metallurgy. In addition the 
bulletin describes the general types of 
metal powder offered by this supplier 
and some of their uses. Plastic Metals 
Div., Johnstown, Pa. 


(P-77) CoPPER-CLAD PLASTIC FOR 
PRINTED CIRCUITS—Booklet, 11 pp. 
Describes production process, solder- 
ing, applications, inks, properties, di- 
mensions and specifications. Formica 
Co., 4614 Spring Grove Ave., Cincin- 


nati 32, Ohio. 
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USE TIME-SAVING COUPONS BELOW 


... fo request further information on 


all products advertised in this Handbook Section 


... to request your copies of product catalogues 


and bulletins listed and described in this section 


( You will find similar coupons at the end of each Handbook Section ) 


CONSULT THE PRODUCT INDEX 
beginning on Page 12, when you 
want all available information on 
a particular type of product: this 
Product Index is your guide to all 
advertisements in this Handbook 
issue by manuíacturers of this 
type of product. 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to Product Engineer. 
ing's Product Design Handbook issue for 1956, and 
page number of advertisement prompting your 


letter. 


CIRCLE THESE NUMBERS FOR FURTHER INFORMA- 
TION ABOUT ADVERTISERS APPEARING IN THIS 
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NEW BOOKS 


Power Transmission 


"Timing" Belt Drive Engineering 
Handbook by Richard Y. Case. 52 
x 8 in. Published for and avail- 
able from United States Rubber 
Company; Rockefeller Center, New 
York 20, N. Y., or New York Belt- 
ing and Packing Company, One 
Market St., Passaic, N. J. $3.50. 


Written by the inventor of the Tim- 
ing belt, this handbook supplies all 
the pertinent engineering data that 
are needed for selecting and incorpo- 
tating these belt drives in new or rede- 
signed machines and equipment. 

The descriptions of the use of the 
Timing belt drive in various fields may 
suggest to the design engineer many 
other places where such drives might 
be employed advantageously. Applica- 
tions may be made in which the belt 
provides efficient transmis- 
sion of power; precise synchronization 


positive 


or timing between two or more shafts; 
or to serve as a conveyor. 


Practical Gear Design by D. W 
Dudley, Supervisor, Gear Advance 
and Development Engineering, 
General Electric Co. 6 x 9 in., 335 
pp. Published by McGraw-Hill 
Book Co., Inc., 330 West 42nd St., 
New York 36, N. Y. $7. 


The recent graduate or general en- 
gineer who is not a gear specialist finds 
a serious gap in reference material on 
the design and production of various 
types of gearing. From the typical col- 
lege machine design textbooks which 
treat only the bare fundamentals of 
gearing, there is next to nothing until 
the reader reaches the advanced level 
covered by the well-known works of 
Earle Buckingham. About the only 
material worthy of mention in this 
area is that presented as papers for the 
engineering societies and articles pub- 
lished in trade magazines. 

The primary aim of this book ap- 
pears to be the presentation of an in- 
tegrated discussion of the geometry of 
gear design, manufacturing methods 
and causes of gear failure in a more 
comprehensive form than would be 


D 76 


attempted in an article or technical pa- 
per. Throughout the book, the author 
stresses the practical aspects of gear 
design based on the limitations and 
availability of materials, machine tools, 
and tooling setups. In line with this 
objective, equations, curve sheets, and 
tables are presented in such a form and 
modified by text and experience to be 
of maximum use in actual design prob- 
lems. The data on gear manufacturing 
methods includes a comprehensive 
treatment of the advantages and limi- 
tations of such advancements as rotary 
and rack shaving. The material on 
kinds and causes of gear failure should 
prove useful to many readers. 


Automatic Transmissions by the 
Instructional Staff of Commercial 
Trades Institute. 6 x 9 in., 406 pp. 
Published by the McGraw-Hill 
Book Company, 330 W. 42nd St., 
New York 36, N. Y. $6.50. 


In an effort to satisfy the demands 
of mechanics and students for infor- 
mation on the theory and operation of 
automatic transmissions, the authors 
have concentrated on three objectives: 
To illustrate the scientific principles 
involved in the operation of automatic 
transmissions; to translate these prin- 
ciples into a language understandable 
to the mechanic or student; and to ap- 
ply these principles. In no instance, is 
the discussion involved with highly 
technical or mathematical 
proofs, and references. 

After reviewing the technical de- 
velopments through which the present- 
day automatic transmissions have re- 
sulted, the text discusses the principles 
of operation of planetary systems; 
liquids in motion; theory and opera- 
tion of the fluid coupling; and the 
theory and operation of the hydraulic 
torque converter. 

The construction of each of the 
popular automatic transmissions is dis- 
cussed in detail. A special effort, how- 
ever, is made to give general informa- 
tion that can be applied to further 
developments in the design of such 
transmissions. 


analyses, 


British Standard Glossary (B.S. 
2519:1954). Published by British 
Standards Institution; 2 Park Street, 
London, W .1., England. 6 Shillings. 


This publication gives definitions 
for terms commonly used in all appli- 
cations of toothed gearing. It also 
gives a standard notation that includes 
the symbols required for use in the 
theory and practice of gear engineer- 
ing. The terms and definitions are 
grouped in eight sections. A complete 
index is included. 

No attempt has been made to pro- 
duce a textbook, but the Committee 
responsible for the project has en- 
deavored to include all the terms re- 
quired in practical use. One section 
gives definitions for all the common 
types of errors in gear cutting. The 
section giving geometrical definitions 
is short and concise, but with the 20 
pages of illustrations should be of 
considerable interest and value. 

Supplementary gear standards to be 
published in the future will be devoted 
to special terms and symbols. 


Fundamentals of Friction and Lu- 
brication in Engineering. 542 x 8/2 
in., 196 pp. Published by American 
Society of Lubrication Engineers, 
84 E. Randolf St., Chicago 1, Ill. 
$3.50; or for ASLE members, $3. 


Presents the proceedings of the First 
ASLE National Symposium, held in 
September 1952. The papers presented 
at the Symposium include: Historical 
development of hydrodynamic lubrica- 
tion; Remarks on mixed film lubrica- 
tion; Hydrodynamically lubricated roll 
neck bearings; Fundamentals of hydro- 
dynamic lubrication; Vertical pivoted 
shoe thrust bearings; Need for a non- 
steady state theory for lubrication hy- 
drodynamics; Lubrication of gear 
teeth, including the effect of elastic 
displacement; Physics and chemistry 
of rubbing solids; Friction and wear of 
graphite and other layer-latticed solids; 
Importance of wear fragments during 
sliding; Technical applications of prin- 
ciples of solid sliding contact. 
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Surface Endurance Limits for Gear and Cam Materials by G. J. Talbourdet 
Inserts for Plastic Gears by Louis D. Martin 

Racks for Enclosed Spindles and Sleeves by Fred Rogers 

Factors Affecting Chain Drive Selection 

General Equation for Solving all Planetary Gear Ratios by M. J. Waclawek 
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From ASME Paper 


Surface Endurance Limits 
For Gear and Cam Materials 


G. J. TALBOURDET, 


Research Division 
United Shoe Machinery Corporation 


THE PROBLEM OF determining the 
safe-wear load-carrying capacity of 
parts that transmit force from one to 
the other by line contact of curved 
surfaces that roll and slide on each 
other is difficult to solve analytically. 
The usual approach is to apply the 
Hertz equation and check the results 
with the performance records of former 
designs if these by chance are avail- 
able. j 

To overcome these difficulties and to 
supply the engineer with some factual 
data that could be used as a basis of 
design, the Research Division of the 
United Shoe Machinery Corporation 
has been conducting surface wear tests 
for more than twenty years. In this 
time, much data have been accumulated 


for many metallic and nonmetallic 
materials. 

With the use of these data, safe-wear 
load-carrying capacity can be readily 
checked for a desired number of stress 
cycles when the radii of curvature of 
the contacting surfaces, the relative 
amounts of rolling and sliding during 
contact, the material of which the parts 
are made, and the load or force trans- 
mitted are known. 

Although the surface wear tests were 
conducted using rolls or cylinders, the 
tests results are applicable to gear 
teeth and cam surfaces since the sur- 
face failures of such parts are similar 
in many respects. 

From the results of surface wear 
tests on rolls made of specific materials, 
a surface endurance factor K,, called 
the load-stress factor, is calculated. 
This factor establishes the relation be- 
tween the magnitude of the load that 


Fig. 1—Testing machine (with cover removed) for determin- 
ing the surace wear characteristics of mating specimen rolls. 


caused surface fatigue or failure, the 
radii of curvature of the rolls, and 
the number of roll revolutions or cycles 
of stress applied before failure of the 
rolls occurred. 

Where 


K, =load stress factor for evlinders 

"i, rs radii of rolls, in. 

W =test load on rolls, lb per in. of roll 
face width 


Kı =W [(1/r)+(1/r)] (1) 


For gear teeth, the load stress factor 
K introduced by E. Buckingham is de- 
fined by the expression 


K —(K, sin $)/4 


where @ is the pressure angle of the 
contacting teeth. 

As derived from surface wear tests, 
the load stress factors K, when plotted 
logarithmically, as in the accompany- 
ing charts, indicate the load life or sur- 
face endurance characteristics of ma- 
terials, or combinations of materials, 
subjected to rolling action only or to 
combined rolling and sliding actions. 

The load-stress factors given here 
were derived from tests run on the 
machine shown in Fig. 1. In testing, 
the specimen rolls are mounted on the 
two arbors, which are driven by gears 
to give either a rolling action only 
between the test rolls, or a combined 
rolling and sliding action. 


Test Machine Data 


One arbor is mounted on a fixed 
frame; the other on a swinging frame. 
A calibrated spring applies the load. 
For rolling only and for rolling com- 
bined with up to 30 per cent sliding, 
the gear ratio is 1 to 1. For rolling 
combined with from 50 to 75 per cent 
sliding, the gear ratio (rpm of driven 
gear to rpm of driving gear) is 23 to 
40. Speed of the driven test roll is 598 
rpm. The diameter of the test rolls for 
different rolling and sliding conditions 
are given in the following table. 
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Diameter of 
Test rolls, In. 


Driver Driven 


Rolling only.. 2.300 2.300 


Combined rolling and 
8.33 per cent sliding. 
30 per cent sliding... 
50 per cent sliding.. 
75 per cent sliding. 


2.400 
2.706 
3.370 
4.390 


2.200 
1.894 
2.930 
1.909 


The test procedure is to start the 
machine at no load and then to apply 
a given test load gradually until it is 
fully exerted on the rolls. During tests, 
the rolls and their supporting bearings 
are amply lubricated with a 280 to 320 
Saybolt Universal at 100 F straight 
mineral oil. 

The test is stopped when either of 


the rolls starts to show appreciable 
wear. On stopping, the number of revo- 
lutions made by, or cycles of stress 
applied to, the driven roll during test 
is observed and by use of Eq (1) the 
stress factor K, is calculated. 


Load Stress Factors 

for Given Materials 
With the load stress factors given 
in the accompanying charts, the limit- 
ing load that can be carried for a 
desired number of stress cycles can be 
calculated for parts made of the respec- 
tive materials, or combinations of ma- 
terials, and radii of curvature at their 
contacting surfaces. This limiting load 
is the load that can be carried for a 
given number of stress cycles without 
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Fig. 2—Both rolls of gray cast iron, 130 to 180 Brinell. 
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Rolling and 75% sliding on driving roll 





Number of cycles 
Fig. 3—Both rolls of GM Meehanite cast iron, 190 to 240 Brinell. 
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causing appreciable surface wear of the 
contacting bodies. 


CAST IRON. The data presented in Fig. 
2 were obtained from tests in which 
both rolls were of gray cast iron having 
the following approximate composi- 
tion: Silicon, 2.5 to 3.0; sulphur, 0.075 
to 0.100; manganese, 0.30 to 0.60; car- 
bon, 3.28 to 3.41; and combined car- 
bon 0.20 to 0.30. Physical properties 
of the material are: Ultimate tensile 
strength, 18,000 to 20,000 psi; trans- 
verse strength (ASTM), 2259; and 
hardness, 130 to 180 Brinell. 

The thickness of the flakes sheared 
off the surfaces in testing varied from 
0.018 to 0.010 in. under rolling only; 
under combined rolling and high slid- 
ing conditions, diametral wear and pit- 
ting were less. The variation in the 
load-life characteristics is attributed 
not only to the differences in core hard- 
ness but also to nonuniformity of mi- 
crostructure. 


GM MEEHANITE CAST IRON. The data 
presented in Fig. 3 were obtained with 
both rolls made of GM Meehanite cast 
iron having a hardness 190 to 240 
Brinell. 

The thickness of the flakes sheared 
off the surfaces in testing varied from 
0.016 to 0.010 in. under rolling only. 
Under rolling combined with high slid- 
ing, flake thickness was appreciably less 
but the surface showed pronounced cir- 
cumferential wear. 


GRAY CAST IRON AND STEEL. The 
data presented in Fig. 4 are for cast 
iron rolls in contact with a hardened 
steel roll. Approximate composition of 
the cast iron rolls was: Silicon, 2.00 to 
2.20; sulphur, 0.07 to 0.13; manganese, 
0.40 to 0.70; carbon, 3.35; and com- 
bined carbon, 0.30 to 0.40. Physical 
properties were: Ultimate tensile 
strength, 25,000 to 30,000 psi; trans- 
verse strength (ASTM), 2300 to 2600. 
Data are given for cast iron specimens 
having different hardness; one was 140 
to 160 Brinell, the other was 160 to 
190 Brinell. 

The test results indicate that the 
hardness of the cast iron rolls is not the 
only factor influencing the resistance to 
fatigue of the surface. The microstruc- 
ture of the cast iron and the size, as 
well as the dispersion, of the graphite 
flakes are equally important. 

The Parco-Lubrite process does not 
necessarily improve the resistance to 
surface wear. Its effectiveness depends 
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on the microstructure and the hardness 
of the cast-iron materials. 


HEAT-TREATED CAST IRON AND 
HARDENED STEEL. Load stress factors 
are given in Fig. 5 for heat-treated cast 
iron alloy rolls and hardened steel rolls. 
The cast iron materials had the follow- 
ing approximate composition: Silicon, 
1.5 to 1.9; manganese, 0.65 to 0.80; 
phosphorus, 0.30; total carbon, 3.20 to 
3.40; combined carbon, 0.60 tu 0.70. 
As indicated in Fig. 5, one set of speci- 
men rolls also contained 1.5 per cent 
nickel; the other set, 0.50 per cent 
molybdenum. 

The heat-treatment for the cast iron 
alloy rolls was: Heat to 1550 to 1600 
F, quench in salt at 650 F, hold 30 
minutes. A hardness of 270 to 290 
Brinell was obtained. Through this 
heat-treatment, the ultimate strength is 
increased by 20 to 25 per cent and the 
impact values almost twice those of the 
alloy as cast. 


HEAT-TREATED MEDIUM CARBON 
STEEL AND HARDENED TOOL STEEL 
ROLLS. Load stress factors of heat- 
treated medium carbon alloy steel rolls 
and hardened steel rolls are given in 
Fig. 6. The approximate composition 
of the heat-treated rolls is: Carbon, 
0.45 to 0.50; manganese, 0.90 to 1.20; 
chromium, 0.80 to 1.10; molybdenum, 
0.15 to 0.25. Heat-treatment: Heat be- 
fore machining to 1475 F, quench in 
oil, temper at 1100 F. Physical proper- 
ties: Ultimate tensile strength, 130,000 
psi; yield point, 115,000 psi; elastic 
limit, 100,000 psi; elongation in 2 in., 
19 per cent; reduction of area, 57 per 
cent; hardness, 270 to 300 Brinell. 


CARBURIZED LOW-CARBON STEEL 
AND HARDENED TOOL STEEL. Load 
stress factors given in Fig. 7 are for 
low carbon steel rolls, carburized to a 
depth of 0.045 to 0.050 in., hardness 
56 to 61 Rc, running with a master roll 
made of 1.05 carbon tool steel; hard- 
ness 60 to 62 Rc. Approximate compo- 
sition of the low-carbon steel was: car- 
bon, 0.10 to 0.20; manganese, 1.30 to 
1.60; phosphorus, 0.045 max; sulphur, 
0.075 to 0.15. 

Physical properties of low carbon 
steel material was: Ultimate tensile 
stress, 84,000 psi; yield point, 47,000 
psi; elastic limit, 30,000; elongation in 
2 in. 30 per cent; reduction of area, 
67 per cent; modulus of rupture of 
case, 211,500 psi; hardness of case, 55 
to 58 Rc. Heat-treatment: Carburized 


for 5 hours at 1600 F, quench in oil, 
reheat to 1450 F, quench in oil. 


Summary of Test Observations 


Surface endurance limits of metailic 
materials do not appear to be influ- 
enced by the rapidity of the repeated 
cycles of stress. 

With combined rolling and sliding 
actions, the resistance to surface fa- 
tigue decreases with an increase in the 
per cent sliding. The load stress factors, 
however, do not decrease proportion- 
ally with the increase in per cent slid- 
ing. Their values depend on the ma- 
terials and on the combination of 
materials of the mating rolls. Also, the 
lubrication factor is appreciably more 
important than under rolling condi- 
tions only. 

With ductile materials subjected to 
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rolling action only, no surface break- 
down should be expected after 40 mil- 
lion cycles of stress. With hardened 
steel materials, the nuniber of repeated 
cycles may be as high as 50 million. 

Photomicrographs of damaged rolls 
subjected to rolling only throw some 
light on the uncertainty of whether or 
not fatigue cracks start on or under- 
neath the loaded surfaces. One roll was 
of steel carburized to a depth of 0.020 
in. The other, or mating roll, was 
medium carbon steel heat-treated to 
270 to 290 Brinell hardness. 

These photomicrographs showed 
fatigue cracks below the surface layer 
and in the region where the stress is 
maximum. Apparently under the in- 
fluence of repeated cycles of stress, the 
cracks grow progressively and up to 
the surface layer. When some of the 
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Fig. 5—Heat-treated cast iron rolls in contact with hardened steel rolls. 
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particles break out, destructive pitting 
occurs. 

The surface finish of materia!s hav- 
ing some degree of plasticity is im- 
proved by the repeated cycles of stress, 
the load, and the per cent sliding. 

The surface endurance limits or 
limiting load stress factors of cast iron 
materials depend not only on the hard- 
ness but also on the microstructure. A 
close grain structure with a fine graph- 
ite dispersion gives optimum resis- 
tance to surface fatigue. 

Of all the cast iron rolls tested, the 
cast iron alloy rolls that were heat- 
treated with the interrupted quench 
had the highest load stress factors. This 
superiority probably is the result of a 
change in the microstructure from 
pearlite to austenite or Bainite, which 
results in a refined grain structure, a 
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better graphite dispersion, and a 
greater degree of plasticity. 

The effects of the per cent sliding 
on the heat-treated cast iron alloy rolls 
are definitely less pronounced than on 
soft cast iron rolls and on mating 
hardened steel rolls. Here, the graphite 
film is an important factor in minimiz- 
ing the tendency to surface welding and 
in decreasing the tangential friction 
load and the resulting shear stresses. 

Load stress factors for low carbon 
steel rolls are not as favorable as those 
for close grain cast iron rolls and are 
only a fraction of those for medium 
carbon heat-treated steel rolls. These 
findings are of importance in the 
choice of materials for parts such as 
gears and cams. 

Tests on carburized and hardened 
steel rolls indicate that the case should 
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Fig. 6—Heat-treated medium carbon steel rolls and hardened steel rolls. 
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Fig. 7—Carburized low carbon steel rolls and hardened tool steel rolls. 
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be at least twice as deep as the point 
of maximum shear stress. 

Unlike ductile materials, where the 
surface finish is not too critical because 
of the plasticity of the surface material, 
hardened steels should have a surface 
finish of high quality to prevent the 
concentration of high local stresses. 

Surface contamination or oxidation 
by the phosphate treatment (Parco- 
Lubrite) has proved to be beneficial 
on close grain cast iron and steel rolls. 
The formation of an oxide layer on 
the surface tends to prevent sparking 
and welding. It also removes disturbed 
or stressed surface layers and decreases 
the tangential friction load. A combin- 
ation of high applied loads and high 
per cent sliding, however, will cause 
surface welding. In such applications, 
the use of E. P. lubricants may be 
satisfactory. 

The tests made to determine the 
given load-stress factors are not nu- 
merous, because the average length of 
test is more than a month and some 
of them have required as much as 
six months. Along with the roll tests 
mentioned, many others have been 
made on brass, bronze, aluminum, and 
various nonmetallic materials. 

The results of these roll tests have 
been applied successfully in determin- 
ing the safe-wear load-carrying capa- 
city of gear teeth, cams, and rollers. 
The test data on rolls subjected to 
combined rolling and high per cent 
sliding actions should be of value in 
spiral and worm gear design where 
past experience has been dominant. 
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From: The Tool Engineer* 


Inserts for Plastic Gears 


Nylon, although an excellent material for gears, cams, bushings and other 
parts, is affected by climatic conditions that affect its dimensional stability. 
Also, nylon is weaker in tensile strength and beam strength than metallic 
gear materials. Dimensional stability can be controlled and strength 
increased by using metal inserts. 


* How Inserts Improve Nylon Gears, Louis D. Martin, Gear Consultant. 


Fig. 1—Long thick walled nylon bushing (A) confined in steel frame will change its bore 


diameter at a greater rate than short thin bushing (B). Nylon expands more than steel 
as humidity and temperature increase. 


.. - - Metal insert 
_. — — Metal insert 
---7MNylon gear 


(A) Geor (8) Cam 
Fig. 2—Gear (A) and cam (B) have better dimensional stability when molded with metal 
inserts, Also, load carrying capacity of the part is improved. 
, Injection molded nylon tire 


3. _ 4.5 x tooth depth 
m, O5xtooth depth 


_ Injection molded 
nylon tire 


‘Die cast or 
punch-press - — machine 
inser? — 


سے سے "| | 
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 SAnnulor groove 


Fig. 3—Inexpensive insert stamping design uses ex- Fig. 4--Annular groove in knurled serew machined 
truded dowels to anchor nylon rim, Proportions or die cast insert restrains nylon tire laterally. This 
shown are minimum. Splined notches instead of type insert is good for hubbed gears where a set 
dowels can be used but may introduce localized screw or taper pin in nylon would loosen because 
internal molding stresses, of cold flow. 
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„r| Root angie -> |e / 5 x footh depth 
1.5 x tooth depth 
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> anchor hole Ayr ORE Injection 


‘+-Injection molded nylon 


molded 
nylon bevel| ! 
gear 


“Die cast or screw - ` Die cast or screw 
machine insert : machine insert 


Fig. 5—Insert used for supporting and anchoring Fig. 6—Nylon face gear uses insert to resist force 
a molded bevel gear. Insert supports the teeth components similar to those in bevel gears. Insert 
against force components normal to pitch cone and adds to the stiffness of the gear and enables it to 
to the axis of rotation. carry higher loads. 


Wi 


Fig. 7 — Injection molded cluster with a powder metal bushing. Dimensional accuracy 
among the components is essential. A straight bore would be difficult to produce since the 
cooling rates vary along the bore. Bushing solved this problem. 


Molded nylon insert 


‘Nylon 
insert 


(A) 


Fig. 8—Double helical gear consists of two pinions Fig. 9—Nylon insert on steel gear to reduce back- 
and a gear member having teeth of the opposite lash. Nylon portion of gear grows slightly to in- 
hand. Two parts are made, each with a gear blank crease tooth thickness and reduce backlash without 
and with molded pinion teeth (A). Parts are increasing torque loss. Nylon does not carry any 


mounted on shaft (B) and gear teeth. generated of the gear tooth load. 
by the hobbing or gear shaper method, - Dexter Machine Products, Inc. 


Product Engineering — Mid-October, 1955 E7 





From: Modern Machine Shop 


Racks for Enclosed 


Spindles and Sleeves 


FRED ROGERS 


Racks and pinions are frequently used for imparting a straight forward and 


reverse motion to machine spindles and sleeves, many of which are enclosed in the 


machine housing. The accompanying examples show methods of cutting rack 


teeth on such spindles and sleeves; ways for aligning, assembling, and fastening 


component parts; and some arrangements for taking end thrust on the rack. 


Fig. 1—Teeth cut directly across surface of spindle 
or bar. Engaging pinion meshes completely only at 
areas where the teeth of the rack are cut full depth. 
Used where the load requirements are relatively light. 


Fig. 2—Bar or spindle that is both rotated and moved 
axially. Rack teeth are cut circularly around bar with 
no lead. Design is limited to light axial thrust loads 
since area of rack tooth contact with pinion is small. 


Fig. 3—Rack cut on square sleeve or ram. Cutting 
the teeth across one corner, rather than across one 
of the flat sides, requires flattening the corner to 
pinion width. Rack is covered in housing by a cap. 


enm 


Fig. 4—To reduce the center distance between the 
pinion and spindle, the spindle is flatted as required. 
Cutting the rack at an angle and using a helical pin- 
ion increases the number of teeth in mesh thus per- 
mitting heavier loading. Flat is cut with small mill. 


Fig. 5—Rack cut on sleeve or quill. When sleeve is 
flatted to obtain wide tooth bearing surfaces, suffi- 
cient wall thickness should remain after cutting teeth 
to prevent sleeve distorting under load. 
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Fig. 6—Rack attached to thin wall sleeve that does 


not permit a flat or slot on its periphery. Rack end 
thrust is taken by close fitting dowel pin. Several fil- 


lister or socket head cap screws in drilled and counter- 
bored holes in the rack fasten the rack to sleeve. 


Fig. 7—Sleeve milled to receive rack. When teeth are 
cut as straight spurs, there is no side thrust, there- 
fore, the sides of the milled groove do not need to 
be high. Screw and dowel are flush fits in rack end. 


Fig. 8—Heavy wall thickness permits cutting a groove 
deep enough to keep bottoms of rack teeth flush with 
slot sides. Then headed screws in closely reamed body 
size holes make the use of dowel pins unnecessary. 


Fig. 9—Rack snugly fitted into an end milled slot 
also eliminates the need for dowel pins. Side of the 
slot can be shallow but enough metal should be left 
at end of slot to support end thrust against the rack. 
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Fig. I0—To inerease length of thread engagement, 
the screw holds the rack from the underside. To 


prevent vibration loosening the screw, a pin lock can 
be added to keep the screw from turning in rack. 


Fig. 11—In this design, the rack must be aligned 
and held on center. Body size hole is reamed in rack 
so that the upper body of the screw acts as a dowel. 


Fig. 12—Dovetail designs.— (A) Dovetails are needed 
only at the ends of the rack. Center portion is cut 
away to facilitate assembly. Retaining screw serves 
as a dowel.—(B) Milled key replaces retaining screws 
to carry thrust.—(C) Tapered pin takes end thrust 
of rack.—(D) Boss at one end of rack fits into a 
milled opening at end of spindle. This arrangement 
avoids drilling and counterboring through the teeth. 
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From: Link-Belt Builetins Nos. 2457 and 2425 


Factors 


Affecting 


Chain Drive Selection 


Power transmission chains provide a positive drive even when operated 


under adverse temperature or atmospheric conditions. They permit 


wide latitude of design and may be speed increasing, reducing or constant. 


Factors that influence drive selection are discussed. 


ROLLER CHAINS are primarily selected 
tor low and medium speed service and 
tor conveyor work. Although roller 
chains are sometimes used for high 
speed applications, silent chains ( Fig. 
l) are recommended for higher speeds 
because they operate more smoothly 
and quietly. 

The factors that will be discussed 
are often overlooked or misunder- 
stood when applying chain. Other fac- 
tors to be considered are found in 
chain manufacturers’ catalogs along 
with chain sizes, sprocket types, and 
engineering examples. 

NUMBER OF TEETH IN WHEEL. 
For roller chains, pinions should have 
17 or more teeth for moderate speed 
drives and 21 teeth or more for high 
speed drives. Fewer teeth may be used 
for low speed drives, with 12 teeth 
a recommended minimum. 

For silent chain drives, pinions with 
21 teeth or more are recommended 
for general applications and at least 
25 teeth are recommended for high 
speed applications. The recommended 
minimum is 17 teeth. 

When space limits the diameter of 
the larger wheel, it may be necessary 
to select a wider chain with a smaller 
pitch to obtain a desirable number of 
teeth in the pinion. 

Small roller chain wheels should be 
hardened when used on moderate and 
high speed drives, very low speed 
heavily loaded drives, and when oper- 
ating under abrasive conditions or 
when the drive ratio is greater than 
4:1. Steel silent chain pinions should 
be hardened. 

For 1:1 and 2:1 ratio drives, wheels 


E10 


of relatively large diameter should be 
selected. Large diameters assure that 
the distance between the two spans of 
chain is great enough to prevent them 
from striking after slack from normal 
joint wear has accumulated. This is of 
particular importance for drives oper- 
ating on long fixed centers with the 
slack span of the chain on top 

CHORDAL ACTION. The chordal rise 
and fall of each chain pitch as it con- 
tacts a sprocket tooth is known as 
chordal action and results in repeated 
variations in linear chain speed. As 
shown in Fig. 2, the amount of chordal 
movement and chain speed variation 
becomes progressively smaller as the 
number of teeth in the pinion is in- 
creased. Smoother operation and longer 
chain life may be obtained by select- 
ing pinions with 21 or more teeth 
because chain joint articulation is re 
duced. Chordal action becomes negli 
gible when a sprocket has 25 or more 
teeth. 

DRIVE RATIO. Ratios 
7:1 are generally not recommended 
for roller chains. If greater speed re 
duction is required, it is desirable and 


in excess of 


usually more economical to compound 
two or more drives. 

Properly engineered 
drives having ratios as great as 12:1 
will perform satisfactorily. However, it 
might be more economical to consider 
a compound drive where the ratio is 
8:1 or larger. 

Large reduction drives on minimum 
wheel centers are more economical if 
small pitch, wide chains are being 
considered. Small reduction drives on 
long wheel centers are cheaper when 


silent chain 


larger pitch, narrow chains are used. 

WHEEL CENTERS. To avoid inter- 
ference, wheel centers must be more 
than 1^ the sum of the wheel outside 
diameters. Where ratios are from 2:1 
to 7:1, a center distance equal to the 
diameter of the large wheel plus 12 the 
diameter of the small wheel is recom- 
mended. Drives so proportioned will 
have ample chain wrap on the small 
wheel. A chain wrap of 90 deg is re- 
garded as an absolute minimum for 
load carrying sprocket wheels and 120 
deg or more of wrap is considered 
desirable. 

CHAIN TENSION. All chain drives 
should have some means of controlling 
the chain sag caused by normal joint 
wear. This is of utmost importance 
when the drive is subject to shock 
or pulsating loads, or to reversals in 
direction of rotation. The most com- 
mon methods taking up chain slack 
are: (1) drive units mounted on ad- 
justable base plate, slide rails, or simi- 
lar units; these are used extensively in 
motor driven applications; and (2), 
the use of adjustable idlers, Fig. 3, and 
chain tensioners. 

An adjustable idler is recommended 
for drives having fixed centers, parti- 
cularly if the line of centers is ver- 
tical or near vertical. With such idlers, 
the required chain tension can be 
maintained for correct chain and 
sprocket wheel contact. 

An adjustable idler on relatively 
long center drives that are subject to 
pulsating loads will eliminate whip- 
ping or thrashing of the chain. Such 
whipping action results in additional 
chain loading and joint wear, thereby 
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reducing chain life. Also, an adjustable 
idler will provide sufficient chain wrap 
on the smaller sprocket wheel of large 
ratio, short center drives. 

Where maintenance service is infre- 
quent, a counter-weighted, spring- 
loaded, or automatic idler adjustment 
is best suited to promote long chain 
life. Manually adjusted idlers, if not 
periodically checked for proper chain 
tensioning, may become a destructive 
source in the drive system. 

Adjustable idler sprocket wheels 
must be securely mounted and should 
engage the slack or non-load-carrying 
side of the chain. At least 3 teeth of 
the idler must be in full engagement 
with the chain. To take up the slack 
of accumulative wear of the chain, an 
idler needs only to be adjustable for 
slightly more than two chain pitches 
Finally, idler sprocket wheels should 
have at least 17 teeth. 

A hardened steel or hard wood shoe 
bearing against the back of the chain 
is another method of controlling chain 
tension. The method is satisfactory fo: 
small horsepower drives operating on 
fixed centers at slow or moderate speed 
with ample lubrication. 

Offset couplers may be used to ad- 
just chain tension or chain length when 
other methods are not feasible. This 
is done by removing a section of chain 
having one more pitch than the offset 
coupler and inserting the coupler i 
its place. 

DRIVE TYPES. Variable speed drives 
may be selected on a chain strength 
basis when operating with infrequent 
high chain loads such as from a torque 
converter, variable speed motor, or 
multi-speed gear transmission. 

Speed increasing drives should have 
at least 23 teeth in the smaller, faster 
running wheel. If possible, the taut 
span of the chain should be on top. 


Counter -weighted 
tensioner 


F POWER TRANSMISSION 


Flank contact 


Fig. 1—Silent chains give quiet operation at high speeds or under high load 
capacities because of the link contour. Flank contact between link and tooth 
distributes load evenly over a wide area of the tooth face. 


R = Pitch radius of sprocket wheei 
r= Rx cos 180° 

T = Number of teeth 

a> om Minimum 
chain speed 


Moximum 
chain speed 


Per cent speed variation 


Chorda! rise and 
fall of choin=R-r 
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Number of teeth in sprocket 


Fig. 2—Variation in chain speed caused by chordal action. Silent chains have 
a smaller rise and fall than roller chains because the link contour makes con- 
tact with the wheel on the inside profile of the link. 


Fig. 3—Typical rolier chain tensioning methods. Hardwood or steel shoe 
is used on silent chains. With duplex-type silent chains a sleeve type ad- 
juster or a ball bearing adjuster is recommended. 
— 
Shoe tensioner ( , 
p^ Sprocket 
whee/ 
fensioner 
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Vertical center drives require some 
form of chain tensioning or means for 
center adjustment to assure satisfactory 
operation and normal life. This is par- 
ticularly important when the small 
wheel is in the lower position. 

Fixed center drives should be se- 
lected on a conservative basis. If an 
adjustable idler is not used, chain 
elongation may be retarded by using: 
(1) a chain pitch larger than speed 
and horsepower indicate; (2) a larger 
service factor, thereby reducing the 
rate of wear in the chain joint; (3) as 


many teeth in the small sprocket wheel 
as the ratio will permit without ex- 
ceeding 120 teeth in the larger wheel; 
and (4) by good lubrication. 

LUBRICATION. The primary purpose 
of chain lubrication is to maintain a 
film of oil between the bearing sur- 
faces in the joints, thus assuring maxi- 
mum operating efficiency. This clean 
oil film must be maintained at all load 
carrying points where relative motion 
occurs. That is, between the pin and 
bushing on the chain, and the chain 
and wheel sprocket teeth. 


Oil level 


Fig. 4—Drive arrangements, (A) and (B), are recommended for splash lubri- 
cation. Only a short length of chain, preferably that portion of the lower wheel, 


should run through the oil. 


Small ratio 
horizontal centers 


Oil level 


Depth of chain dip is about !$ in. 


Lorge ratio with 
small sprocket low 


Oil level 


Fig. 5—Drives that will operate satisfactorily with oil disk lubrication. The oil 
is thrown off the disk by centrifugal force and onto the chain. One disk is used 
with chain up to 5 in. nominal width; two disks with chains over 5 in. 


Method of application is primarily 
dictate’ by chain speed and the rela- 
tive shaft positions. These include: 

Manual lubrication, which is rec- 
ommended for small horsepower drives 
with low chain speeds. Open running 
chains should not be exposed to abra- 
sive dirt. 

Drip-cup lubrication, which is a 
semi-automatic method, is also suitable 
for small horsepower drives with low 
chain speeds. Cups should be located 
so that oil will drop to the center of 
the lower span at about 4 to 10 drops 
per minute. 

Splash lubrication is the simplest 
method of lubricating enclosed drives 
and is highly satisfactory for low and 
moderate speed drives. In Fig. 4 are 
shown a few arrangements for splash 
lubrication of different types of drives. 

Oil disk lubrication is frequently 
used when a drive is not suitable for 
splash lubrication. It is highly satis- 
factory for moderate and semi-high 
speed drives. The chain is kept above 
the oil level and a circular disk, 
mounted to the lower wheel or shaft, 
dips into the oil about 14 in. Fig. 5 
shows relative shaft positions best 
suited for oil disk lubrication. 

There must be sufficient disk speed 
to throw the oil. Fig. 6 indicates the 
amount of oil delivered at various shaft 
speeds. 

Forced lubrication is recommended 
for large horsepower drives, heavily 
loaded drives, high speed drives, or 
where splash and disk lubrication can- 
not be used. An oil pump—capacity 
about 1 gal per min—supplies a con- 
tinuous spray of oil to the inside of 
the lower span of chain. The circulation 
of the lubricant aids in the dissipation 
of heat and results in a well lubricated, 
cooler operating device. 


Fig. 6—Oil delivered to a chain by forward, (A), and reverse, (B), rotating shafts. 
Note that disks are ineffective at high relative speeds as well as at slow speeds. 
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General Equation 
for Solving All 
Planetary Gear Ratios 


M. J. WACLAWEXK, Project Engineer, Borg & Beck Division of Borg-Warner Corporation 


The method presented here for calculating the input or 
output speed of simple and compound planetary gear 
trains has the advantage of simplicity. Solutions for all 
gear train arrangements are derived from one basic gen- 
eral equation with only a few variations. Ninety per cent 
of all problems can be solved with this general equation. 
After the solution of a few problems, designers of 
planetary gear sets will readily remember the additional 
variations and can apply this method to other planetary 
arrangements that are not included here. 
Nomenclature 
X =number of teeth in one gear member 
Y =number of teeth in the other gear 
member 
nx —speed of gear having X teeth, rpm 
nr —speed of gear having Y teeth, rpm 
"c —speed of planet carrier, rpm 
Py, —number of teeth on stepped planet 
meshing with member Y 
Px =number of teeth on stepped planet 
meshing with member X 


GENERAL AND MODIFIED EQUATIONS 


Simple (not stepped) Planets. The general equation of 
any planetary gear set having simple (not stepped) 
planets is 


nxX -nyY —nc(X €t Y) (1) 


One Stepped Planet. The modified general equation 
for a planetary gear train having one stepped planet is 


nxXPytnyYPx = nc(XPy *YPx) (2) 


Two Stepped Planets. The modified general equation 
for a planetary gear train having two stepped planets is 
nxXPx?Pyy * nyYPy;Pxyx—nc(XPxoPry -YPy?P xx) (3) 
where 

Pxp=on stepped planet that meshes with gear X, 


the number of teeth that mesh with the 
other stepped planet 
yp =on stepped planet that meshes with gear Y, 
the number of teeth that mesh with the 
other stepped planet 
Pxx=on stepped planet that meshes with gear X, 
the number of teeth that mesh with the 
gear X 
Pyy=on stepped planet that meshes with gear Y, 
the number of teeth that mesh with the 
gear Y 
In the application of Eqs (1), (2) and (3) it makes no 
difference in the final result which gear is specified by X 


or Y, so long as each gear is properly identified with the 
function it performs. 


RULES FOR SIGNS 


Case |. Carrier With Either One Simple or One Stepped 
Planet. 


A. When the planet meshes externally with one gear 
member and internally with the other gear member, 
Eq (1), (2), or (3) takes the positive sign. 

. When the planet meshes either externally or in- 
ternally with both gear members, Eq (1), (2), or 
(3) takes the negative sign. 


Case Il. Carrier With Two Planets That Mesh with Each 
Other. 


A. When one planet meshes externally with one gear 
and the other planet meshes internally with the 
other gear, Eq (1), (2), or (3) takes the negative 
sign. 

. When both planets mesh either externally or in- 
ternally with their respective gear members, Eq 
(1), (2), or (3) takes the positive sign. 


SPEED RATIO AND TORQUE RATIO 


For power and torque calculations, it is necessary to 
establish the speed ratio characteristics and the torque 
ratio characteristics of the gear train. 

Where 

N —output speed, rpm 
"n —input speed, rpm 
V — speed ratio 
T —output torque, Ib ft 
t —input torque, lb ft 
R —torque ratio 
the spced ratio is defined as 
V=N/n (4) 
the torque ratio is defined as 
R=T/t (5) 

Assuming 100 per cent efficiency in the gear train, the 
horsepower input equals the horsepower output, or 

tn/5250— TN/5250 


or 
T/t=n/N (6) 
substituting Eq (6) in Eqs (4) and (5) 
R=n/N=1/V (7) 
that is, the torque ratio is the inverse of the speed ratio. 
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Single Planet Planetary Gear Train 








j Planet pinion 


/Planet carrier, 


СІС 
NN Ü ^ output 
7 


gear 





-Annulus gear 


© Sun gear has S teeth and is the input; carrier is the 
output; annulus gear (reaction member) has A teeth and 
is held stationary. The speed n; of the sun gear is the 
input speed n. The speed n, of the annulus gear is zero. 
The speed nc of the carrier is the output speed N. 


Application of General Equation. Since there is one 
planet and it meshes externally with one gear member 
and internally with the other gear member, this train 
falls in Case I-A and Eq (1) takes the positive sign, thus 


Double Planet Planetary Gear Train 












— 
PZ 
E — 
Plonet——— A SSE 
pinions — 





PI) 





SSS SSS 





—"Annulus geor 
output 


@ Train has two planets that mesh together; one planet 
also meshes with the sun gear having S teeth, and the 
other planet also meshes with the annulus gear having A 
teeth. Carrier is the input; annulus gear is the output; 
and the sun gear (reaction member) is held stationary. 
The speed nc of the carrier is the input speed n. The 
speed n4 of the annulus gear is the output speed N. The 
speed ns of the sun gear is zero. 


Application of General Equation. Since there are two 
planets, one of which meshes externally with one gear and 
the other planet meshes internally with the other gear, 
this train falls in Case II-A and Eq (1) takes the nega- 


—— — Planet — — — 
ЫА GY pinions 
Input 








pa _Annulus geor 








— —Planet pinion 


_- — Planet carrier 


Output 


nyX+nyY =ne(X+Y) (1) 
or 
n4À--nsS —nc(A--S) (1a) 
In this train 
71470; n,—n; nc.—N 
substituting these values in Eq (1a) there results 
0+nS=N(A+S) 
then from Eqs (4) and (7) 
Speed ratio= V=N/n=S/(A+S) 
Torque ratio—R=1/V=(A+S)/S 





Annulus gear 


Held 






_- Planet carrier 


=. 


Output 


tive sign, thus 
nxX —n;Y —nc(X— Y) (1) 


or 
n4À —n5S—nc(A-—S) (1a) 
In this train 
"n4,—N; n,—0; nc—n 
substituting these values in Eq (1a) there results 
NA —0—n(A-—S) 

then from Eqs (4) and (7) 

Speed ratio V—N/n—(A—S)/A 

Torque ratio R—1/V—A/(A-—5S) 





Differential Gear Train 








Carrier output 
/ 





@ One gear has F teeth апа is the input; carrier is the 
output; the other gear has G teeth and is held stationary. 
The speed ny of the gear having F teeth is the input 
speed n. The speed ne of the gear having G teeth is zero. 
The speed nce of the carrier is the output speed N. 


Application of General Equation. This inverted ar- 
rangement is kinematically equivalent to a spur gear 
train in which the planet meshes externally with one gear 
member and internally with the other gear member. This 
train, therefore, falls in Case I-A and Eq (1) takes the 
positive sign, thus 


Compound Planetary Train 








p 


жї 
d 
E 


* In this arrangement, two simple planetary units are 
compounded through their sun gears to give one ratio. 
The first unit consists of an internal gear having A; teeth, 
a sun gear having S, teeth, and the carrier C, that is held 
stationary; the speed nx, of the gear having A; teeth is 
the input speed n. The second planetary unit consists of 
an internal gear having A. teeth, a sun gear having S: 
teeth, and the carrier Cz; the speed ne: of this carrier is 
the output speed N. 


Application of General Equotion. The method of 
procedure is to set up a general equation for each plane- 
tary unit, reduce each equation to its functions, and then 
solve the two simultaneous equations. 

In each planetary unit, the planet meshes externally 
with one gear member and internally with the other gear 
member, therefore, each planetary train falls in Case I-A 


L/ 

y Output 

Е A Input 
— 


Carrier C, _ 
is gear 4, ^ 


Output 
Input 
nxX-4-n;Y —nc( X4-Y) (1) 
or 
ngF --n54G —nc(F--G) (1a) 


In this train 
npn; ng;—0; nc.—n 
substituting these values in Eq (1a) there results 
nF--0—N(F--G) 
then from Eqs (4) and (7) 
Speed ratio= V —N/n—F/(F--G) 
Torque ratio—R=—1/V=(F+G)/F 





Held 







and the general equation for each unit takes the positive 
sign, thus 


NANa S: = Nei (A:+S;) (1:) 
and 


Nx2A2+Ns2S2= Ne: (A2+S:) (1:) 
In this compound planetary train 
Nun; Na Shan; Na=Na—0; пс № 
substituting these values in Eqs (1,) and (1:) 
nA,+Ns2S,:=0 (1,a) 


= 0--naS,— N (Ai--S)) (1а) 
solving Eqs (1,a) and (1,a) simultaneously 
N(A;+S:)/S:= —пА,, Si 
Speed ratio V=N/n= —A,S,/ [S,(A:+S:)] 
Torque ratio R=1/V= [S,(A:+S:) ] /(—A,S:) 








Output 





Corrier C 


lly with the gear having 
alls in Case II-A and the 
tive sign, thus 

i,—S:) (1.) 
nd planetary 

Ns, is unknown, 


(1,) and (1:) 


HS) (1,а) 


5.) (l:a) 


C 
Output 
-P 
w 2 
) 
Corrier C 
thus ” 
əз) (1) 
7 N 
Toz) (la) 
(5 Sa) 
S.)/S 


Stepped Planet Planetary 


Cc -—-B8onc 
SSS 









Input 


€ Planetary gear train has one stepped planet. Sun gear 
has S teeth and is the input; carrier is the output; an- 
nulus gear has A teeth and is held stationary. The speed 
na of the sun gear is the input speed n. The speed nc of 
the carrier is the output speed N. The speed n, of the 
annulus gear is zero. 


Application of General Equation. Train has one 
stepped planet that meshes externally with one gear and 
internally with the other gear. This train, therefore, falls 


Stepped Planet Planetary 


Held. 


€ Planetary gear train has one stepped planet. One sun 
gear has S, teeth and is held stationary; the other sun 
gear has S; teeth and is the input; the carrier C is the 
output. The speed ns: of the sun gear having S: teeth is 
the input speed n. The speed ns: of the sun gear having 
S, teeth is zero. The speed nc of the carrier C is the 
output speed N. 


Application of General Equation. Train has one 
stepped planet that meshes externally with both gear 


Carrier C 


—-Carrier C 








in Case I-A and Eq (2) takes the positive sign, thus 
nsSP.+n.APs=ne(SP.+APs) (2) 
in this train 
"scm"; N1—0; nc—N 
substituting these values in Eq (2) 
nSP.+0=—=N(SP.+APs) 
Speed ratio V=N/n=SP,/(SP.+-APs) 
Torque ratio R=1/V=(SPi+APs)/SP, 





Held 





members. This train, therefore, falls in Case I-B and Eq 
(2) takes the negative sign, thus 
NeSiP x: — Ns2S:Ps:=Nc (S:Ps:— S:P's:) (2) 
in this train 
1,1—0; 14—m1; nc —N 
substituting these values in Eq (2) 
0—nS:P::—N (S;:Ps:—S:Px:) 
Speed ratio V=N/n=—S:Ps;/ (S:Ps:—S:Ps:) 
Torque ratio R=1/V=(S:Ps:—S,Ps:) / (S:Ps:) 





Double Planet With One Stepped Pinion 






\ 


output 


Idler plonet 


€ Planetary gear train has two planet pinions, one of 
which is a simple pinion and the other a stepped pinion. 
One sun gear has S, teeth and is held stationary; the 
other sun gear has S: teeth and is the input; the carrier C 
is the output. The speed ny, of the sun gear having S, 
teeth is zero. The speed nx: of the sun gear having 5; 
teeth is n. The speed of carrier C is the output speed N. 


Application of General Equation. Train has two 
planets, one of which is stepped, that mesh externally 
with both gear members. This train, therefore, falls in 


Double Planet With Two Stepped Pinions 


Input 





* In this arrangement, the carrier carries two stepped 
pinions that couple the sun gear to the annulus gear. The 
sun gear has S teeth and is the input. The annulus gear 
has A teeth and is held stationary. The carrier C is the 
output. The speed n; of the sun gear is the input speed n. 
The speed nc of the carrier is the output speed N. The 
speed nı of the annulus gear is zero. 


Application of General Equation. Train has two 
stepped planets, one of which meshes internally with one 
gear member and the other planet meshes externally with 


-Planet corrier 


Input 








Output 


— —- Corrier C 


S1 a 


Case II-B and Eq (2) takes the positive sign, thus 
Ns1SiP s2+- Ns2S:P si:= Ne (SiPs2+S:P s:) (i 
in this train 
Nna = I; NEn: Nc—N 
substituting these values in Eq (2) 
0-+-nS:Psi=N (S:Ps2+S.Ps:) 
Speed ratio V=N/n=S:Ps,)/ (S:Ps2+S:P s:) 
Torque ratio R=1/V= (S,Ps:+S.Ps:)/SPs: 





Output 







_-A held 


— Carrier C 


the other gear member. This train, therefore, falls in Case 
II-A and Eq (3) takes the negative sign, thus 
n,.APaePss— nsSPseP as =—Ne(AParPsa—SPsePas) (3) 
in this train 
n4,—0; n,—n; n,.—N 

substituting in Eq (3) 

@— NSP spP sa N (AP aeP ss — SPsrP 44) 
Speed ratio V=N/n= —SPsrPas/(AParPss—SPsrP as) 
Torque ratio R=1/V =(SPsePsa— AP arPss)/(SPsrP aa) 





Single Carrier Compound Planetary 


—Annulus gear A, 


_-—Planet P, meshes with A, ond Б, 


“Planet P, 


— Carrier C, 


carries P, and P, 


* In this arrangement, two planetary units are com- 
pounded through the carrier to give one ratio. The first 
unit consists of the internal gear having A; teeth, a sun 
gear having S, teeth that is held stationary, and the car- 
rier C. The second unit consists of the internal gear hav- 
ing A; teeth, a sun gear having S; teeth, and the carrier 
C. The speed n«: of the sun gear is the input speed n, and 
the speed nc of the carrier is the output speed N. 


Application of General Equation. In the first unit, the 
planet meshes externally with one gear member and in- 
ternally with the other gear member, therefore, this train 
falls in Case I-A and Eq (1) takes the positive sign, thus 
1.54; 4-n,S;—mc (A:4-8:) (1:1) 

In the second unit, there are two planets. One planet 
meshes externally with the sun gear having S: teeth, and 


— Carrier C 


the other planet meshes internally with the gear having 
A, teeth. This train, therefore, falls in Case II-A and the 
general equation takes the negative sign, thus 


naA —n4:S:—nc(A;— Si) (1:) 
In this single carrier compound planetary 
Wss—m; nc—N ; n4,—0; n4 is unknown. 
substituting these values in Eqs (1;) and (1:) 
п.4.+0=М№ (А,--5,) 


and 
NwA,;—nS:—N(A,—S:) 


solving simultaneously 
nS:—N(A,+S;— A:+S:) =N(S,+S:) 
Speed ratio V=N/n=S./(S,+S:) 
Torque ratio R=1/V=(S,+S.)/S: 


Single Carrier Compound Planetary 
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€ This gear train is the same as the one shown above 
except that the annulus gear is not present. In this train, 
one sun gear has S, teeth and is held stationary, the other 
sun gear has S; teeth and has the input speed n. The 
speed nc of the carrier is the output speed N. 


Application of General Equation. The carrier carries 
two planets that mesh with each other and both planets 
mesh externally with their respective sun gears. This 
train, therefore, falls into Case II-B and the general 


equation takes the positive sign, thus 
nsiSid-nssS:—mnc(S,-4-S:) 
In this train 
Nsi=0; Neen; Nc—N 
substituting in Eq (1) 
0+nS:—N(S,+S:) 
Speed ratio V=N/n=S,/(S,+S:) 
Torque ratio R=1/V=(S.,+S:)/S: 
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E POWER TRANSMISSION 


Expanding-Shoe Friction 


Clutch Design 


M. J. COHEN 
Queen Mary College, London 


IN THE DESIGN of expanding shoe 
type friction clutches to transmit a 
given torque, a common procedure is 
to rely on the performance of previous 
designs and empirical formulas. This 
approach may lead to an overstiff 
clutch with a resultant loss in the utili- 
zation of full clutch capacity, or to an 
inefficient use of material and space, or 
possibly a clutch that requires an ex- 
cessive effort to engage. 

To avoid such undesired results, Dr. 
M. J. Cohen of Queen Mary College, 
London, in his paper (Ref. 1) pre- 
sents a complete and exact treatment 
of the problem of the design of fric- 
tion clutches of the expanding-shoe 
type. His method takes all the relevant 
parameters of the clutch, such as di- 
mensions, elastic properties, and the 
force-moment systems, to be arbitrary. 
These parameters are then related by 
a set of equations that determine the 
equilibrium of the system. 

The design method is restricted to 
clutches constructed as shown in Fig. 
1, in which the shoes are rigidly fixed 
to the spider. (See Ref. 2 and 3 for 
data on the design of internal-shoe 
clutches with fixed and floating anchors, 
both pivoted.) In the type of clutch 
shown in Fig. 1, the spider is keyed 
either to a driving or a driven shaft. 
A wedge, guided radially by the 
spider, expands the shoes when forced 
outward by an axial wedge and lever 
mechanism. As the clutch engages, the 
circular surfaces of the shoes close 
around the inner wall of the drum. 

From three basic equations derived 
by Dr. Cohen, a simple and rapid 
design technique is evolved for the 
design of expanding-shoe friction 
clutches in which the shoes and drum 
rim are made of good cast iron, in 
which the carbon content is about 3 
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per cent with an impurity of about 1 
to 2 per cent silicon. 
Using the nomenclature defined in 
Table I, the three basic equations are: 
Mr/R,.=R(AtGit—ArGr (1) 
Ег = EIAr/ALRı* (2) 
Ер= ЕТА /А РР! (3) 
In Eqs (1), (2), amd (3), the 
term Mr is the required torque to be 
transmitted by the clutch, the terms 
I and E are fixed by strength and wear 
considerations. To solve these equa- 
tions and to make the problem deter- 
minate, it is shown in Ref. 1 that 
FL/Fp— Ar/A,n—- Hg/Hi 
z(Y—nX)/(Y 4-nX) (4) 
Y =Q cos y =Q cos (yo+A;) (5) 
X —Q sin y —Q sin (yo+A:) (6) 
and that Eq (4) can be written as 
F./Fr= Ar/A L 
=cos (y +A:)/cos(y—Az) (7) 


Leading 
semi- shoe 


Outer shoe- 
wall 
4 


Once the semi-wedge angle y, and 
the coefficients of friction » and » are 
fixed, Eq (7) relates the 4; and 4, 
terms. 

In the process of engaging when 
conditions are static, the angles a and 
8 are equal since the frictional loading 
is then directionally symmetric about 
the vertical axis as shown in Fig. 2(A). 
In general, however, when full torque 
is applied there are distinct values for 
the angles of contact a and 8 between 
each half-shoe and the drum as shown 
in Fig. 2(B). In this design technique, 
however, sufficient accuracy for all 
practical designs is obtained by assum- 
ing that for any value оѓ я 

(a--8)/2 — 130 deg (8) 
This value provides as large an arc of 
contact as is compatible with accept- 
able strains in the expanded shoe near 


,Following semi - shoe 


Vertical wedge 


-Horizontal 
wedge 


Fig. I—Essential constructional details of a typical expanding shoe 


1955 
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Table I—Symbols and Legend 


a=angle of contact between the leading half-shoe and drum, deg 

8 =angle of contact between the following half-shoe and drum, deg 
ye — semi-wedge angle as designed, without friction, deg 

y =y + 7 resultant semi-wedge angle with friction considered, deg 


A = tan îm 
A: = tan in 


m =coefficient of friction between wedge and shoe 
n =coefficient of friction between drum and shoe 
Ary =Hy/R,=an arbitrary parameter relating reaction force oa tip of following half- 


shoe to outer radius of shoe 


A,=H,z/R:=an arbitrary parameter relating reaction force on tip of leading half- 


shoe to outer radius of shoe 


Вр = (| (1+cos8) —[(#—8)/2] sin 8} /(—cos 8) 
Bz = { (1 +cos a) —[(#—a)/2] sin a} /(—cos a) 
E = modulus of elasticity of cast iron = 16 X 10° psi 


Fy=GrBr FL-GiB, 


Gr=e*8 GL =e a 


Hp-Y —nX - horizontal force exerted by wedge on tip of following half-shoe, lb 

H ¿= Y +nX =horizontal force exerted by wedge on tip of leading half-shoe, lb 
I= moment of inertia of shoe section for bending in its plane, in.“ 

Mr = maximum torque rating of clutch, in. Ib 


P =outward force exerted by wedge, lb 
Q=reaction of wedge on shoe, lb 


R, =inner radius of shoe before engaging, in. 
R. =outer radius of shoe before engaging, in 
Ax =radial distance between unexpanded shoe and drum, in. 


X — vertical component of Q, lb 
Y —horizontal component of Q, lb 


the fillets adjoining the radial arm. 
Other relations derived are: 


Н„=Ү+һХ (9) 
Н,=Ү п Х (10) 

Y 2Q cos (yo- X) (11) 
P=2Q sin (yo+) (12) 
The foregoing equations and the 
values given in Tables II and III for B;, 
Br, Gr, Gr, and F,/F,p for different 
complementary values of a and 8 are 


used in the design of a clutch as 
follows: 

A. Choose values for m, n and E that 
accord with the clutch material (a 
value of 0.15 is commonly used for 
the coefficient of friction for a cast- 
iron to cast-iron contact surface.) 

Choose a reasonable value for the 
wedge angle yo. 

Choose a value for Ro to suit hous- 
ing considerations. 


B. Determine the values of F,/Fp 
and Ap/A, from Fq (7). Then from 
Table III find the corresponding values 
of a and 8. 

C. Using these values of a and B, 
determine the values of G, Gpr, Bz 
and By from Table II that correspond 
with the relevant value of ». Then 
calculate F, and Fp from 


F,=G.B,, and Fry=GrBr 


D. From Eq (1) and the data de- 
rived in Step B, determine the values 
of Ap, Az, Hy and Hy. 

E. From Eq (2) find the value of 
the product JAx, then assign reason- 
able values for Ax, shoe thickness /, 
and shoe breadth & that satisfy that 
product. 

F. From Eqs (9), (10), (11), and 
(12), and the data obtained in Step D, 
calculate values of Y, Q, and P, respec- 
tively. 


EXAMPLE. Design an expanding-shoe 
type friction clutch to transmit a maxi- 
mum torque of 200 ft-lb. Maximum 
housing space available is 14 in. Rim 
of drum, shoes and spider are to be 
made of cast iron. 


SOLUTION. 


A. Take coefficient of friction m be- 
tween wedge and shoe equal to 0.15, 
and coefficient of friction m between 
drum and shoe equal to 0.15. Choose a 
semi-wedge angle y, equal to 45 deg, 
and outer radius of shoes equal to 6 
inches. 

B. From Eq (7) 


Table 1l—Values of B,, By, G; and Gy For Different Angles of Shoe and Drum Contact 


Gz For Different Values of n 





| 
| 
| 
| 


0.15 

















Gr For Different Values of n 
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FL/Fg—-Ar/AL 
2 c08 [(yo4- X) 4- X]/eos [(уо+А) – №] 
z cos [(459 -- 831^) -- 831] 4 
cos [(45? 4- 831^ — 8?31'] 
=cos 62°2’/cos 45° = 0.6654 


From Table III, for F,/Fr = 0.6654 
and m = 0.15 
a = 135°32’ 
and from Eq (8) 
(135932' -- 8) /2 = 130° 
B = 260° — 133.932’ = 124°28’ 
C. From Table II, for a — 135?32', 
B — 124?28', and » — 0.15 
G1 =1.4238-+ 0.00202 = 1.4258 
Сре = 0.7229 — 0.00102 = 0.7219 
В. = 0.0216 — 0.00112 = 0.0205 
В = 0.0581 --0.0031 = 0.0611 
then from Table I 
F =GBz = 1.4258 X 0.0205 = 0.0292 
Frp =GrBr =0.7219X0.0611 =0.0442 
D. From Eq (1) 
200 X 12/6 =6(1.4258 Az—0.7219 Apr) 
1.4258 Az —0.7219 Ar =66.67 (a) 
since from Step B, A4, — 0.6654 A; 
substituting this value of Ar in Eq (a) 
A.=70.6 and Ar=47.1 
since from Table I, 


Ar=H1/R: 
H,=70.6 X6 = 423.6 lb 


and 
Arp=Hr/R, 
Hr =47.1X6 = 282.6 lb 
E. From Eq (2) 
IAr-FLALRS/E 


0.0292 X 70.6 x 6* 


- 0.00020 
16 X 106 Е 4 


with Ax equal to Mg in. 

1 =0.000204/0.0625 = 0. 003262 
selecting a breadth of 1 in. for the 
shoes 


I =t3/12=0.003262 
t=0.34 in. 


therefore, the inner radius R, of the 
unexpanded shoe is 


R, =R:—t=6—0.34 — 5.66 in 
and the inner diameter of the drum 
rim is 
2(Rs-- Ar) — 2(6 4- Vg) — 1214 in. 
F. From Eqs (9) and (10) 


Hy-Y-Fn X = 423.6 lb 
Hr=Y—n X =282.6 lb 


solving these relations simultaneously 
2Y =706.2 


hence the horizontal component of the 
reaction Q of wedge on shoe is 


Y 2353.1 Ib 
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Fig. 2 (B) о > 8 


Fig. 2—(A) During engagement before torque is applied, ares of contact be- 
tween each shoe and the drum are equal.—(B) In operation, are of contact of 
clutch drum and leading semi-shoe is greater than that of following semi-shoe. 


From Eq (11), the reaction force Q 
of wedge on shoe is 


Q=353.1/cos (45° +8931’) =592 Ib 


From Eq (12), the outward force P 
exerted by wedge is 
P=2X592 sin (45°+-8°31’) = 953 Ib 


The desirable maximum pull on the 
engaging lever will thus immediately 
determine the leverage ratio of the 
lever wedge mechanism. 

The foregoing analysis does not take 
into account the effect of the differen- 
tial thermal expansion of the drum and 
shoe; nor has the effect of wear been 
considered. With these factors neg- 
lected, however, the technique out- 


lined should enable an engineer to 
design, by a rapid and simple process. 
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and "Internal Friction Blocks and "Shoes"; 
by A. C. Rasmussen, Product Engineering, 
May 1947, October 1947, December 1947, 
July 1947, and March 1947, respectively. 

3. “Accurate Solution for Disk-Clutch 
Torque Capacity”, by N. M. Sverdrup, 
Product Engineering, May 1949 


Table III—Values of F,/F, For Angles of Shoe and Drum Contact 








F_/Fr For Different Values of n 





Coupling of Parallel Shafts 


H. G. CONWAY 
Cheltenham, England 


FIG. 1—A common method of coupling shafts 
is with two gears; for gears may be substituted 
chains, pulleys, friction drives and others. Major 
limitation is need for adequate center distance; 
however, an idler can be used for close centers 
as shown. This can be a plain pinion or an in- 
ternal gear. Transmission is at constant velocity 
and axial freedom is present. 


FIG. 2—Two universal joints and a short shaft 
can be used. Velocity transmission is constant 
between input and output shafts if the shafts 
remain parallel and if the end yokes are dis- 
posed symmetrically. Velocity of the central 
shaft fluctuates during rotation and at high 
speed and angles may cause vibration. The 
shaft offset may be varied but axial freedom 
requires a splined mounting of one shaft. 


FIG. 3—Crossed axis yoke coupling is a varia- 
tion of the mechanism in Fig. 2. Each shaft has 
a yoke connected so that it can slide along the 
arms of a rigid cross member. Transmission is 
at a constant velocity but the shafts must remain 
parallel, although the offset may vary. There is 
no axial freedom. The central cross member 
describes a circle and is thus subjected to cen- 
trifugal loads. 


FIG. 4—Another often used method is the Oldham 
coupling. The motion is at constant velocity, the 
central member describing a circle. The shaft offset 
may vary but the shafts must remain parallel. A 
small amount of axial freedom is possible. A tilting 
action of the central member can occur caused by 
the offset of the slots. This can be eliminated by 
enlarging the diameter and milling the slots in the 
same transverse plane. 


FIG. 5—If the velocity does not have to be con- 
stant a pin and slot coupling can be used. Velocity 
transmission is irregular as the effective radius of 
operation is continually changing, the shafts must 
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F POWER TRANSMISSION 


The coupling of parallel shafts so that they rotate together is a common machine design prob- 
lem. Illustrated are several methods where a constant 1:1 velocity ratio is possible and 
others where the velocity ratio may fluctuate during rotation. Some of the couplings have 
particular value for joining two shafts that may deflect or move relative to each other. 


remain parallel unless a ball joint is used between the 
slot and pin. Axial freedom is possible but any change 
in the shaft offset will further affect the fluctuation of 
velocity transmission, 


FIG. 6—The parallel-crank mechanism is sometimes used 
to drive the overhead camshaft on engines. Each shaft 
has at least two cranks connected by links and with full 
symmetry for constant velocity action and to avoid dead 
points, By using ball joints at the ends of the links, dis- 
placement between the crank assemblies is possible. 


FIG. 7—A mechanism kinematically equivalent to Fig. 6, 
can be made by substituting two circular and contacting 
pins for each link. Each shaft has a disk carrying three 
or more projecting pins, the sum of the radii of the pins 
being equal to the eccentricity of offset of the shafts. 
The lines of center between each pair of pins remain 
parallel as the coupling rotates. Pins do not need to be 
of equa! diameter. Transmission is at constant velocity 
and axial freedom is possible. 


FIG. 8—Similar to the mechanism in Fig. 7, but with 
one set of pins being holes. The difference of radii is 
equal to the eccentricity or offset. Velocity transmission 
is constant; axial freedom is possible, but as in Fig. 7. 
the shaft axes must remain fixed. This type of mechan- 
ism is sometimes used in epicyclic reduction gear boxes. 


FIG. 9—An unusual development of 
the pin coupling is shown left. A large 
number of pins engage lenticular or 
shield shaped sections formed from 
segments of theoretical large pins. The 
axes forming the lenticular sections are 
struck from the pitch points of the 
coupling and the distance R -+r is 
equal to the eccentricity between shaft 
centers. Velocity transmission is con- 
stant; axial freedom is possible but the 
shafts must remain parallel. 
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Improve Performance with Better Gears 
Designed and Tooled for Your Specific Needs 


Fine Stamped Gearmaking has been developed, 
here, to a degree of accuracy long considered 
impossible. Now, for many purposes, single stamp- 
ings are laminated and indexed to make wider 
faces at savings up to 60%! 


More and more critical manufacturers, large and 
small, are saving assembly time and money with our 
special STAMPED GEARS. They are getting valu- 
able aid in designing more efficient and economical 
Stamped Gearing for many unusual applications. 


WINZELER Gears are made with speed and effi- 
ciency, in production runs, from any material. Stock 
dies are available for many uses. Tell us about your 
needs, now. 


GET THIS FREE DATA ON STAMPED GEARS 


Write for 4-page catalog-folder describing our facilities 
and the various Stamped Gears, Tools and Assemblies we 
make. Valuable gear data and tables are included. Or, 
get ideas, samples and low cost estimates. No obligation. 
Please write on company stationery. 


WINZELER 


А * p 


WINZELER MANUFACTURING & fn 00. 


1712 WEST ARCADE PLACE * CHICAGO 12, ILLINOIS 
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Almost every American benefits every day 
from the 185 products made by B ORG"- WARNE R 


THESE UNITS FORM BORG-WARNER, Executive Offices, 310 S. Michigan Ave, Chicago. DIVISIONS: ATKINS SAW « BORG & BECK « CALUMET STEEL 
DETROIT GEAR e FRANKLIN STEEL + HYDRALINE PRODUCTS » INGERSOLL CONDITIONED AIR e INGERSOLL KALAMAZOO e INGERSOLL PRODUCTS 


INGERSOLL STEEL + LONG MANUFACTURING e MARBON CHEMICAL e MARVEL-SCHEBLER PRODUCTS e MECHANICS UNIVERSAL JOINT » NORGE 
PESCO PRODUCTS » ROCKFORD CLUTCH e SPRING DIVISION « WARNER AUTOMOTIVE PARTS « WARNER GEAR e WOOSTER DIVISION + SUBSIDIARIES: 
BORG-WARNER ACCEPTANCE CORP. « BORG-WARNER INTERNATIONAL « BORG-WARNER, LTD. « BORG-WARNER SERVICE PARTS « LONG MFG., LTD. 
MORSE CHAIN + MORSE CHAIN OF CANADA, LTD, « REFLECTAL CORP, « WARNER GEAR, LTD. « WAUSAU MFG. CO. + WESTON HYDRAULICS, LTD. 





With its vast reservoir of engineering skills and pro- 
duction facilities, Borg-Warner today plays an 
increasingly important role in the specialized realm 
of power transmission. 

Throughout industry essential B-W components 
contribute sound design and dependable 'perform- 
ance to a wide variety of civilian and military goods. 

Torque converters, clutches, hydraulic systems, 


timing chains, mechanical couplings, gear boxes, 
power take-offs—the list goes on. 

So does Borg-Warner’s guiding principle: “Design 
it better—make it better.” It’s a tradition strongly 
felt and followed throughout the Borg-Warner organ- 
ization. One which enables us to produce or exceed 
the results you expect . . . often before you expect 
them. Consult Borg-Warner without obligation. 


BorRG-WARNER 


HELPING YOU SOLVE THE DESIGN PROBLEMS OF TOMORROW ... TODAY 
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BÜRG & BECK 


TORQUE 
CONVERTER 





The 
Correct 
JOINT 

for 

Every 
Industry 
and m. 
Typ e Tractors 
of E 
Application 


Airplanes 


Automobiles 


Machines 


Helicopters 


Construction 
Equipment 


Machines 


Machinery 


Material 
Handling 
Equipment 


MECHANICS 
Roller Bearing 


UNIVERSAL 
JOINTS 


For Cars, Trucks, Tractors, Farm Implements, 
Road Machinery, Industrial Equipment, Aircraft 


We make only Roller Bearing universal 
joints. Sizes range from 200 to 50,000 
foot pounds torque, with a wide 
variety of end fittings and shaft 
arrangements. Practical design, close- 
tolerance machining and controlled- 
grain metals assure smooth running 
joints and long, trouble-free service. For 
information about MECHANICS Roller 
Bearing UNIVERSAL JOINTS, write— 


MECHANICS 
UNIVERSAL JOINT 
DIVISION 


Borg-Warner 
2022 Harrison Ave., Rockford, Ili. 
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John Bean Core Drill Pumping Unit, Model 
435CD, is a highly versatile machine used to flush 
diamond core drill cuttings from drill holes. In 
shaley structures, it can immediately be converted 
from mud to cement pumping. Its unique 3-speed 
transmission enables it to vary discharge capacity 
from 11 to 35 GPM, at pressures 


700 PSI. 


The compact coupling arrangement enables the 


complete pump assembly to be mounted on one 
skid, greatly facilitating erection, disassembly, and 
transportation. 


Morse Morflex Couplings (shown at right with 
out safety covers) are ideally suited for a job such 


as this. They are flexible; are capable of transmit 


from 300 to ting power smoothly, absorbing variant shock 
loads, and compensating for severe torsional and 


dimensional misalignment. 


Morse Morflex Couplings prove their 


dependability in new pumping unit 


Morse Morflex Couplings were specifically designed to 
meet machine requirements such as those of the John 


Bean Core Drill Pumping Unit. 


Morse Morflex Couplings do not require lubrication and 
maintenance, because there are no moving parts to wear. 
They accommodate all conditions of misalignment and 
torsional load vibration by elastic deflection of neoprene 
biscuits. They are impervious to water, dirt, oil, and 
weather conditions; they are compact, and dependable. 


Morse Morflex Couplings offer smooth, vibration-free 


MORSE 
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power transmission without undue thrust loads on the 
drive shaft bearings. Shock loads are cushioned, bearing 
life prolonged, and quiet operation is assured. And most 


important—downtime is reduced to a minimum! 


Investigate the many advantages of using Morse Morflex 
Couplings, as well as other Morse precision-built power 
transmission products, on your equipment: Morse Roller 
Chain, Sprockets, Roller and Silent Chain, Couplings, 
Cable Chain, and Clutches. MORSE CHAIN COMPANY, 
INDUSTRIAL SALES DIVISION, ITHACA, NEW YORK. 


CHAINS, CLUTCHES, 
AND COUPLINGS 





Gear Box or 0 problem got 
you going around in circles? 


F 
m over fo yer Automotive 
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When it comes to gear boxes or power take-offs, come to Warner Auto- 
motive. You'll save time, needless expense and worry, get what you want, 
and chances are at less cost than you probably think. 


Warner has pioneered in the design, engineering and precision produc- 
tion of gear boxes and power take-offs. Our research has whipped many a 
design problem you may be facing. Our manufacturing facilities, with spe- 
cialized equipment, are more than ample to meet your production schedules 
on time. 


Consult Warner Automotive — without cost or obligation. 


WARNER GEAR BOXES. Outstanding for quality. Automotive type gearing; 
carburized and hardened alloy gears; anti-friction bearings throughout, individ- 
ually selected for the load; integrally forged gear and shaft, wherever possible; 
malleable iron housings. 


WARNER POWER TAKE-OFFS. Hydraulic, high speed, and single speed 
designs for pumps, hoists, electrical generators, dump truck bodies, refrigeration 
and other uses. Complete with controls and all fittings for fast, easy installation. 


Also: Transmission Gears, Ring Gears and Pinions, 
Differential Parts, Axle Shafts and Parts 


"Products of Experience" 


cima 


ЇЇ 


WARNER AUTOMOTIVE PARTS DIVISION 


Borg-Warner Corporation 


| 

| 

| 
AUBURN © INDIANA | proouction | 
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This illustration shows just one of many Clutches 


produced by Rockford 


Of All Types and Sizes 
For All Kinds of Machinery 
Automotive and Industrial 


Let our engineers, with their wealth of clutch experi- 
ence, adapt a Rockford Clutch to your specific 
requirements. 


SEND FOR THIS HANDY BULLETIN 
Shows unique ROCKFORD CLUTCH and POWER 


TAKE-OFF applications. Con- - 
M tains diagrams, dimensions, 


capacity tables, etc. 


ROCKFORD CLUTCH DIVISION 
Borg-Warner Corporation 
209 Catherine Street, Rockford, Illinois 
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185 products in all are made by 


BORG-WARNER 
CORPORATION 


310 S. MICHIGAN AVENUE 


CHICAGO 4, ILLINOIS 





“design it better 
_make it better 


BorG-WARNER 
ХУУ 


ATKINS SAW ү 
j 


BORG & BECK 
BORG-WARNER ACCEPTANCE CORP. 


BORG-WARNER INTERNATIONAL 
BORG-W ARNER, LTD. 


BORG-W ARNER SERVICF PARTS 
CALUMET STEEL 

DETROIT GEAR 

FRANKLIN STEEL 

HYDRALINE PRODUCTS 
INGERSOLL CONDITIONED AIR 
INGERSOIL KALAMAZOO 


INGERSOLL PRODUCTS 


INGERSOLL STEEL 


LONG MANUFACTURING 
LONG MANUFACTURING CO., LTD. 


MARBON 
MARVEL-SCHEBLER PRODUCTS 


MECHANICS 
MORSE CHAIN CO. 


MORSE CHAIN OF CANADA, LTD. 
NORGE 


PESCO PRODUCTS 
REFLECTAL CORP. 
ROCKFORD CLUTCH 


SPRING DIVISION 
WARNER AUTOMOTIVE PARTS 


WARNER GEAR 
WARNER GEAR CO., LTD. 
WAUSAU 

WESTON HYDRAULICS, LTD. 


WOOSTER 


Checking contact and backlash of a 
production gear set at the De Laval 


Steam Turbine Company. 


How to Save in Selecting Worm Gear Sets 


By James E. Gutzwiter, Assistant Chief Engineer, Worm Gearing Department 


De Laval Steam Turbine Company 


Worm gear sets have four major advantages: compactness, 
easy maintenance, interchangeable components, and high 
shock-load capacity. The user can realize maximum bene- 
fits from these advantages and reduce costs by acquiring 
some background information on the characteristics of 
worm gearing. Here are a few points to consider. 


Standard Components. Find out what standard compo- 
nents are available before proceeding with design. De 
Laval stock parts include worms, gears, bearing housings 
and end covers. By selecting from these, the user may 
sharply reduce the cost of the finished gear set. 


HOBBING MACHINE — Tangential feed gives uniform teeth of precise 
dimensions, This is accepted as the most satisfactory method for pro- 
ducing close tolerance worm gearing. 


The hob, for example, must match the pitch diameter, 
pitch, lead and tooth form of the worm. Designers who 
are familiar with standard hobs can design a worm ac- 


cordingly and save the expense and delay of obtaining 
a special hob. 


A Note on Assembly. The worm, having threads which 
are continuous in form, is not critical in regard to end- 
wise location. The gear, however, must be precisely posi- 
tioned in an axial position. Accumulation of tolerances 
on the dimensions of housings, shafts, bearings and gears 
makes it impractical, in most cases, to control the loca- 
tion of the gear by accuracy of machining alone. 


Shrouding. Heat developed in the gearing will be more 
freely dissipated through a comparatively open housing. 
Close shrouding is permissible only when intermittent 
operation is the rule. 


Helpful Manual on Worm Gear Sets 


For information on how to select, 

install and maintain worm gear 

sets, send for this helpful manual. 

It contains useful data on 

gearing and includes examples 

of specific selection problems with 

their solutions. Write on your 

business letterhead to the De Laval 

Steam Turbine Company, 801 Nottingham Way, Trenton 


2, N. J. for Catalog 5000. 





4 wow n wors œa м. 
. . . for Machine tools and ^^ 
other applications „= 


Modern industrial electronic engineering has been coordinated 
with electric motor design to provide a versatile means for ob- 
taining the full possible advantage of speed control in DC 
motors while quan from the regular alternating current 
power line. Grid controlled "Thyratron" tubes are utilized for 
power conversion in controlled stepless variation to supply 
motor armature power. Patented feedback, or “Servo”, circuits 
provide constant torque capability over wide speed ranges of 
as high as 60 to 1 in some models and a minimum of 20 to 1 
in others. Speed changes may be made while in operation. from 
points remote to the motor installation. Standard models in 
ratings up to and including 3 horsepower are available for 
prompt delivery. 
Your application problems for manual or automatic models will receive 
the prompt attention of our sales engineers. 


4-6 GODWIN AVENUE DIV. of ELECTRO DEVICES, Inc PATERSON 1, N. J. 
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WORM GEARING 


. «+ "Hygrade” gearing 
available for your 
special applications 


COMMERCIAL GEARS 


...In a broad range of types, 
sizes and capacities 


a 29220 Hine te met every rood! 


FODTESBROS 


For nearly a century, Foote Bros. has served industry with "Better 
Power Transmission Through Better Gears." All types of power trans- 
mission, including worm, spur, helical and bevel gear speed reducers 
have been manufactured during these years. The knowledge and 
experience obtained from such a broad background, combined with 
continued research, have given Foote Bros. an enviable position in 
the power transmission field. Since the company's founding in 1859, 
Foote Bros. name has been a symbol of quality, dependability, per- 
formance and service. | 

These four pages are designed to give the reader a quick outline 
of the power transmission equipment available at Foote Bros. and to 
make it easy for him to obtain complete information. On the fourth 
page you will find a list of Foote Bros. representatives. Please feel free 
to call upon your nearest representative for information and consulta- 
tion about your power transmission problems. 


— 


DUTI-RATED LIFETIME GEARS 


. . . Standardized, pre-engineered gear sets 
offering highest capacity in less space 


WORM-HELICAL DRIVES 


. . . Offer high torque capacity 
for extra heavy loads 


FOOTE BROS.- 
LOUIS ALLIS GEARMOTORS 


. . For greater dependability, longer life, 


less maintenonce 


LINE-O-POWER DRIVES 


. .. For higher capacity in less space, 
greater durability 


Q 
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HYGRADE DRIVES 


. .. Precision worm gearing for high 
efficiency and long service life 


MAXI-POWER DRIVES 
. . . Helical gear reducers for 
extra heavy duty and high 
horsepower 


SEE HANDY CATALOG DATA CHARTS ON NEXT PAGE » 
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Foot-mounted 
straight line reducer 


Foot-mounted 
right angle reducer 


Special anti-reversing | — 
device for straight | 
line reducers | | SL or VSL 


| BACKSTOP 
SS | ê 


Reducer with standard у. ۳ 


| Same as 
mounting plate — | 


SL or VSL 
 BASE-MOUNT 


s. 
" 


Reducer with integral 
motor mounting bracket 


Same as 


SL or VSL 
LINE-O-MOUNT 


HYGRADE DRIVES 





Single Worm 
Helical-Worm 


Double Worm 





| FOOTE BROS.- 
* . LOUIS ALLIS GEARMOTORS 





OUTPUT SPEEDS 








Description 


Flange-mounted 
straight line reducer 


Flange-mounted 
straight line reducer 
with extended housing 


Flange-mounted 
right angle reducer 


Flange-mounted 
right angle reducer 
with extended housing 








Standard or 
Hytop with 


extended output shaft 





MAXI-POWER DRIVES 


Single Reduction 


Double Reduction 


Triple Reduction 





DUTI-RATED * 
LIFETIME GEARING 


CAPACITIES 


COMMERCIAL 


2 inches 


12 inches 


GEARS 


PLEASE PROVIDE CATALOG INFORMATION 

—— ан AND ENGINEERING DATA 

[] LINE-O-POWER DRIVES [] MAXI-POWER DRIVES 

[] HYGRADE DRIVES [] WORM GEAR SETS 

(0 WORM-HELICAL DRIVES Г] DUTI-RATED GEARING 
[] FOOTE BROS.-LOUIS ALLIS GEARMOTORS 
[] HAVE REPRESENTATIVE CALL 


NAME. 
POSITION OR DEPT. 
COMPANY 

DDRESS 


ZONE AND STATE. 


PLEASE PROVIDE CATALOG INFORMATION AND ENGINEERING DATA 
I am interested in: 
[] LINE-O-POWER DRIVES | | MAXI-POWER DRIVES 
[] HYGRADE DRIVES C] WORM GEAR SETS 
[] WORM-HELICAL DRIVES [] DUT-RATED GEARING 
[] FOOTE BROS.-LOUIS ALLIS GEARMOTORS 
[] HAVE REPRESENTATIVE CALL 


NAME 
POSITION OR DEPT 


COMPANY 


I am interested in: 

[] LINE-O-POWER DRIVES [] MAXI-POWER DRIVES 

[] HYGRADE DRIVES [] WORM GEAR SETS 

[] WORM-HELICAL DRIVES Г] DUT-RATED GEARING 
Г] FOOTE BROS.LOUIS ALLIS GEARMOTORS 
[] HAVE REPRESENTATIVE CALL 


PLEASE PROVIDE CATALOG INFORMATION AND ENGINEERING UT 


NAME 
POSITION OR DE 


COMPANY 


PLEASE PROVIDE CATALOG INFORMATION AND ENGINEERING DATA 
I am interested in: 
[] LINE-O-POWER DRIVES [] MAXI-POWER DRIVES 
[] HYGRADE DRIVES ] WORM GEAR SETS 
[] WORM-HELICAL DRIVES Г] DUTI-RATED GEARING 
C] FOOTE BROS.-LOUIS ALLIS GEARMOTORS 
[] HAVE REPRESENTATIVE CALL 


NAME 

POSITION OR DEPT. 
COMPANY 
ADDRESS 


ZONE AND STATE. 
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Allentown, Pennsylvania 
Amarillo, Texas 

Baltimore 3, Maryland 
Berwyn, Illinois 
Bethlehem, Pennsylvania 
Buffalo 4, New York 
Carlsbad, New Mexico 
Casper, Wyoming 

Cedar Rapids, lowa 
Charleston 12, West Virginia 
Chicago 28, Illinois 
Cleveland, Ohio 
Cincinnati 13, Ohio 
Cripple Creek, Colorado 
Dallas, Texas 

Davenport, lowa 

Dayton, Ohio 

Denver 16, Coloradó 

Des Moines, lowa 

Detroit 3; Michigan 

East Chicago, Indiana 
Easton, Pennsylvania 
Grand Rapids 9, Michigan 
Green Bay, Wisconsin 
Halifax, Nova Scotia, Canada 
Hamilton, Ontario, Canada 
Indianapolis 9, Indiana 
Jackson, Michigan 

Joplin, Missouri 
Kalamazoo 2, Michigan 
Kansas City 8, Missouri 
Lancaster, Pennsylvania 
Los Angeles, California 
Louisville, Kentucky 


Atlanta, Ga. 
Birmingham, Ala 
Boston, Mass. 
Buffalo, N. Y 
Chattanooga, Tenn. 
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Cleveland, Ohio 
Denver, Colo 
Detroit, Mich. 
Jackson, Miss. 
Los Angeles, Calif. 


Lubbock, Texas 
Mansfield, Ohio 


.Maywood, California 


Memphis 2, Tennessee 
Milwaukee, Wisconsin 
Minneapolis, Minnesota 
Montreal, Quebec, Canada 
Muskegon, Michigan 
Norfolk, Virginia 

North Little Rock, Arkansas 
Omaha, Nebraska 

Paducah, Kentucky 

Peoria, Illinois 

Phoenix, Arizona 
Philadelphia, Pennsylvania 
Portland. 9, Oregon 
Rochester 4, New York 
Rockford, Hlinois 

Saginaw, Michigan 

San Diego, California 

San Francisco 3, California 
South Bend, Indiana 
Spencer, lowa 

Springfield, Missouri 

St. Louis 2, Missouri 
Syracuse, New York 

Terre Haute, Indiana 
Toledo, Ohio 

Toronto, Ontario, Canada 
Trenton, New Jersey 
Vancouver, British Columbia 
Williamson, West Virginia 
Williamsport 6, Pennsylvania 
Wilmington, Delaware 


Milwaukee, Wisc 
Minneapolis, Minn 
New Orleans, La. 
New York, N. Y. 
Philadelphia, Pa 
Pittsburgh, Pa. 

St. Louis, Mo 

Salt Lake City, Utah 
Seattle, Wash 
Tulsa, Okla. 
Washington 11, D. C 
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Motoreducers 
All-Motor Horizontal 


Motoreducers 
All-Motor 
Vertical 


Steelflex Couplings 
Standard or Dual Purpose 


Airflex Couplings—For 
High Torque Fluctuations 


5. 


Speed Reducers—targe 
Right Angle Horizontal 


6. 


High Speed Geor Drives, 
Reducers or Increasers 


— 


Marine Propulsion Gears, 
Turbine or Diesel Driven 


Motoreducers 
All-Motor Right Angle 


2. 


Shaft Mounted 
Drives 


Large Steelflex Couplings 
for Heavy Duty Service 


5. 


Speed Reducers 
Large Parallel Shaft 


5. 


Speed Reducers—Large 
Right Angle Vertical 


Special Gear Drives 
for Any Application 


Helical Gears—Any Size 
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A wider choice of standard designs 
Practical features exclusive to Falk 
Sound, progressive engineering 

In-built factors for long, efficient service 


DRIVES and COUPLINGS 


You can rely on Falk for top quality engineering and craftsman- 
ship. For more than half a century, Falk engineers and production 
men have specialized exclusively in the design and manufacture 
of quality drives and couplings. This accumulation of experience 
and continuous research has produced a line of products noted 
for mechanical efficiency, long life, and progressive, practical de- 
sign . . . products which have earned for Falk a good name in 
industry throughout the world. 


Motoreducers . . . The famous All-Motor Motoreducer uses any 
standard foot-mounted motor within the capacity of the gear unit. All- 
steel construction; helical gearing. Horsepower range from | through 
75 hp. Output speeds: concentric shaft design — from 1.8 to 580 rpm; 
right angle shaft design — from 1.2 to 350 rpm. Ratios up to 54,000:1 
in special units, Integral design also available, from 1 through 40 hp. 


Shaft Mounted Drives . . . A variation of the Motoreducer design, 
adapted for mounting on shaft to be driven, using V-belt connection to 
motor. All-steel construction, helical gearing. Single or double reduction 
units in six sizes. Horsepower range from | through 30 hp. Output 
speeds from 420 to 14 rpm. Offset shaft design provides means for ad- 
justing belt tension by using turnbuckle on tie-rod. 


, Steelflex Couplings . . . Exclusive grid-groove design smothers shock 


and vibration, accommodates reasonable degrees of shaft misalignment 
and free end float. The basic Type F is applicable to more than ninety 
per cent of all industrial applications, horizontal or vertical. Thirty-three 
sizes to cover capacities from 2/5 through 70,000 hp per 100 rpm 
(basic rating). Special or dual purpose Steelflex designs available for 
problem applications. Almost a million Steelflex couplings have gone 
into industrial service. 


Airflex Couplings . . . Protect machinery against damage from im- 
pacts resulting from irregular torque characteristics of prime mover or 
driven machine, Require no maintenance. Provide electrical insulation 
between machines. Dual purpose types for problem applications. 


Speed Reducers . . . Falk precision cut helical or spiral bevel gears 
produce highest attainable mechanical efficiencies. Sturdy housings, lib- 
eral bearing capacities, positive lubrication. Concentric Shaft Reducers: 
from 1 through 150 hp; ratios from 1.5:1 to 970:1. Parallel Shaft Re- 
ducers: from 15 through 3000 hp; ratios from 2:1 to 300:1; sleeve or 
roller bearing units. Small Right Angle Reducers: horizontal or vertical 
output shaft; from 1 through 200 hp; ratios from 5:1 to 1450:1. Large 
Right Angle Reducers: with horizontal output shaft — from 15 through 
1000 hp, with ratios from 1.5:1 to 515:1; with vertical output shaft 
(up or down) — from 15 through 700 hp with ratios from 6:1 to 430:1. 


High Speed Drives . . . For use as reducers or increasers. Quiet 
operation, high efficiency. Standard units: horsepower range through 
5000 hp; maximum speeds ranging from 4500 to 9000 rpm. Special 
designs: horsepower ratings through 21,500 hp and higher; output 
speeds above 50,000 rpm, if required, 


Special Gear Drives . . . Falk engineering experience and complete 
production facilities have designed and produced gear drives for almost 
any application . . . from sturdy, slow speed mill drives . . . to large 
marine propulsion drives . . . to ultra high speed drives. 


Single Helical or Herringbone Gears . . . For any application. Hub 
gears, ring gears, mill pinions. Precision cut, Falk improved tooth form. 
Face widths up to 6 ft or more. Diameters up to 18 ft. Gears made of 
Falk alloy steels; pinions made from steel forgings. Full load efficiency 
of 98% per train. 


THE FALK CORPORATION 


3020 W. Canal Street, Milwaukee 8, Wisconsin 


REPRESENTATIVES AND DISTRIBUTORS IN MOST PRINCIPAL CITIES 
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Неге s proof... 


LINK-BELT is your 


most convenient source 
for every power transmission need 





е you're in need of power transmission 
products, be assured that your nearest Link-Belt 
outlet can supply the equipment you need. No other 
single source can duplicate this breadth of selection or 
Link-Belts wealth of application experience. And a 
broad range of types and sizes in every product category 
brings you unrestricted and unbiased recommendations. 

As for performance, Link-Belt power transmission 
machinery is built to stand up in rigorous, full-time 


De cl < 





+ 





"d 


service. Standards of manufacture are the safe "quality 
par" so essential to continuous, trouble-free operations. 

Another Link-Belt benefit is the convenience of 
relying on a single source of supply. In addition, cor- 
rect integration of every element assures full-rated 
capacity through years of efficient service. 

For more information, call the Link-Belt office near 
you. Literature is available on all products. dum 


LINK-BELT COMPANY: Executive Offices, Dept. AHPD, 307 N. Mich- 
igan Ave, Chicago 1. To Serve Industry There Are Link-Belt Plants 
Sales Offices, Stock Carrying Factory Branch Stores and Distributors 
in All Princi Cities. Export Office, New York 7; Canada, Scarboro 
(Toronto 13); Australia, Sydney; South Africa, Springs. Representa- 
tives Throughout the World. 
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ONE SOURCE... 


Industry s complete 


PRECISION STEEL ROLLER CHAINS AND 
SPROCKETS — Extra-wear features such as 
shot-peened rollers, close heat-treat control, 
lock-type bushings and pre-stressed multiple 
width chains are standard. Single or multiple 
widths in l4" to 3" pitch, double pitch in 
1" to 3", with matching sprockets. 


SILENT CHAIN DRIVES — Out perform 
any other drive in many applications involv- 
ing adverse operating conditions, large or 
small hp, large ratios, limited space and high 
speed. Safe, slipless...maintain better than 
98% efficiency. Often last 20 to 30 years. 


line of drive and conveying CHAINS and SPROCKETS 


MALLEABLE IRON, PROMAL, STEEL 
CHAINS. The Link-Belt line includes cast, 
combination, forged and fabricated chains 
plus matching sprockets. A broad range of 
attachments permits simple and economica! 
adaptation to specific requirements. 


ENCLOSED DRIVES deliver accurate output —* 


GEARMOTORS, MOTOGEARS AND 
HELICAL GEAR DRIVES. A complete line, 
designed with utmost simplicity and com- 
pactness. Features oil-tight, cast iron hous- 
ing, and quiet, efficient operation. Sizes up 
to 112 hp, ratios from 6.2:1 to 292:1 


Ball, Roller BEARINGS 


COMPLETE LINE of BEARING BLOCKS: 
pillow, flange, flange cartridge, cartridge, 
hanger and take-up blocks are well as self- 
aligning roller bearings. Housings are sealed, 
true rolling is assured under all normal mis- 
alignment or shaft deflection. 


WORM AND PARALLEL SHAFT GEAR 
DRIVES. Former available for high-ratio, 
right-angle speed reduction jobs up to 8000: 1, 
to 100 hp, and output torque to 124,000 
pound inches. Latter built in ratios to up to 
300:1 with hp capacities up to 2400 for 
parallel take-off. 


P.I.V. VARIABLE SPEED DRIVES. Choose 
your speed, turn the hand-wheel, and get 
positive, dependable transmission of power 
with this all-metal drive. Chain makes tooth- 
to-tooth contact with metal wheels, transmits 
rpm without slippage. 8 sizes in 16 types, 
up to 25 hp. 


i — TRANSMISSION PRODUCTS 


Babbitted and bronze bearings in 15 types, 
300 sizes. New friction clutches with depend- 
able toggle, high torque capacity. Complete 
line of ball, roller and babbitted take-ups. 
Flexible, rigid, compression, geared and fluid 
couplings. All types of cut and cast tooth 
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gears. Shaft collars in solid or split malleable 
iron and machine-finished solid steel types. 
Backstops to automatically prevent back- 
ward movement of conveyors and elevators. 
Single or double-arm gray iron and welded 
steel pulleys. 


ONE RESPONSIBILITY FOR POWER TRANSMISSION AND MATERIALS HANDLING MACHINERY 
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Ajax Series D-100 with misalignment ca- 
pacity up to 12 degrees have been proved 
and approved in heavy duty service on 
rolling mills, cranes, dredges, mining and 
oil well equipment and other installations 
where misalignment is a serious problem. 
Ajax Series D-100 Dihedral Couplings have 
proved to be The Aristocrat of Couplings. 


А nane 
| FLEXIBLE RUBBER BUSHING F ч 
1 DAVE STUD nn РОИ 
GRAPHITED BRONZE 
BEARING 
E 
= a à 
ER 


COUPLINGS 


SET SCREwW — — 





BUSHED 
COUPLINGS 


Their performance record for 35 
years has made Ajax Rubber- 
Bronze Bushed Flexible Couplings 
the Standard of Industry. Rubber- 
Bronze Bushed Bearings and Hard- 
ened Steel Studs provide flexible 
yet positive drive. Bearings are 
self-lubricating . . . maintenance 
zero. Made in a wide range of sizes 


DIHEDRAL COUPLINGS 


misalignment up to 12° 


in standard, shear pin, mill motor, 
brake drum, bolt-on, quick dis- 
connect and other types. Write 
Ajax Series D-100 Couplings are made in a wide Fr log giving complete infor- 
range of sizes available in standard double en- 
gagement, floating shaft, spindle shaft and mill 
motor types. Write for the latest catalog. 


mation. 





TORQUE. CAPACITIES you'll get dependable, smooth 
FROM | power delivery when you specify 


this 


К 


Maximum Torque 
Inch Pounds 


omm = 4 
K Seri Conti Hand 
A. UNUM uem. ] Universal Joints 
K-1-C 350 2,000 X 

d | » -— FOR AGRICULTURAL, AUTOMOTIVE, INDUSTRIAL, MA- 
„оэ Series 


LON Series | 400 2,000 а RINE AND CONSTRUCTION EQUIPMENT APPLICATIONS 


Recommended Torque 4 i 
Rating, Inch Pounds | Need a moderately small universal joint on your next 
Needle Bearings у : 

L10S Series 650 Optional B 1 project — for a hand-operated control rod, for example? 
p Series Мр 2 X Blood Brothers has it! In fact, you can select from any 
b Series 923 e ` ; è У 
3DR Series 1.800 " d of four Series — all widely used on farm implements, road 
L16S Series 2.200 " ч : ; r i ; i 
Li2N Series 3,300 Б { and construction machinery, tractor steering assemblies, etc. 
L14N Series 6,000 


35N Series — 10,000 т è Or do you need a source for high speed joints and propeller 


. ч 2 0€ 2 » . . > 
N Series —— a shaft assemblies for trucks, busses or other mobile equipment? 


Rating, Inch Pounds A Blood Brothers builds a wide selection of automotive assem- 
Balanced for Г : " * 
45N 14,000 3600 R.P.M. Max. ` blies with torque capacities to 70,000 inch pounds. 
5N 20,000 Р 
= — For really heavy work, look at the BW Series — for trans- 
DA 20, Em Es . . 
60N 38,000 " mitting up to 1,400 H.P. with momentary loads reaching 


7N 57,000 i i / 
*0N 57 000 „ 1 500,000 torque inch pounds! It's the largest commercial 


75N 70,000 universal joint made — and Blood Brothers makes it. 


Maximum Torque 


Inch Pounds F Thus, when you specify Blood Brothers, you can select from 


BW Series Continuous Momentary ; ; T 
LJ 2 a wide range of torque capacities ... and be confident of top- 


BW-12 1,020 4,450 d quality universals that contribute dependability and smooth- 
BW-1 1,695 7,300 ‘Be ness to your product's performance 

BW-2 3,350 11,720 À pep P 

BW:-3 4,450 16,800 
BW-4 5,080 22,900 
BW-5 8,640 34,200 ; A 1 : - 
BW-6 11,620 60,000 : lem. We'll be glad to cooperate with engineering suggestions. 
BW-7 28,600 150,000 : 

BW-9 89,300 500,000 


For details, contact Blood Brothers, stating your specific prob- 


*Extra shock-load capacity built : ad 
into all sizes. J 


TO 
> ги | Xv 1 — * 
this Е 
ES. 


BLOOD BROTHERS machine division 


UNIVERSAL JOINTS Rockwell Spring and Axle Company 
AND DRIVE LINE ASSEMBLIES ALLEGAN, MICHIGAN 
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SEND FOR THIS BOOKLET, IF YOU ARE. 
It will help you make efficient use of 
resilient cork friction materials. It 
contains information on: 

The design versatility of cork fric- 
tion compounds; how cork’s coefficient 
of friction, torque capacity, and en- 
gagement characteristics can be modi- 
fied by changes in cork composition 

W ki ith and design of clutch plates; engage- 
о r ings wi | ment pressures for cork facings; oper- 
к ating temperatures for cork facings; 
э; how Armstrong helps you select a fric- 
friction materials? f tm mama 

This 16-page booklet is illustrated 
with helpful charts and graphs and 
will be a valuable addition to you 
files. Send for it today — just mail th« 


coupon below 


Armstrong Cork Company, Industrial Division 
7200 Irvin St., Lancaster, Penna. 


Please send me your new booklet, ‘Resilient Friction 
Materials. 


Name 


TION MATERIALS 


Street - - ... used wherever performance counts 


Company 


City and State 
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New Design... Brings New Economies 


Here's how to get more for your speed reducer dollars! Specify the 
new "C" Series by Winsmith. This complete, newly designed line 
achieves a new high in compactness that simplifies design problems 
and helps you streamline your equipment. 


INCREASED RATED HORSEPOWER AND TORQUE OUTPUT plus increased 
operating ruggedness are now available to speed reducer users in this 
new "C" Series. A total of 108 models in this series, including both 
double and single reduction units, has been. added to the regular 


{7 E ~~» oO 
Winsmith line. e Horsepower and ratio range of "C" Series units and other 


INCREASED OVERHUNG LOAD CAPACITY—achieved thru a combina- reducers in the Winsmith line are given on the opposite page. 

tion of stronger shafts and larger, stronger tapered roller bearings. The completeness of this line provides you with One-SOUFCcE 
— Winsmith — for all your speed reducer requirements. 

INCREASED THERMAL CAPACITY —unique design of the housing gives 

greater heat radiating surface area without increasing overall size. IF YOU HAVE A SPECIAL SPEED REDUCER PROBLEM, our Engi- 

The housing meets the most rigid principles of strength and pro- neering Department or field staff of Sales Engineers can 

vides a sturdy, vibrationless mounting. recommend the most economical solution. 


WINSMITH...the most complete line of 
SPEED REDUCERS from a single source 


FACTS AT YOUR FINGERTIPS... 


è Catalog No. 155 is as new in design and 

working convenience as the speed reducers it 

describes. Arrangement of engineering data 

gives you all selection information on each 

model of reducer without turning a page. 

Saves hunting and thumbing . . . saves time. 

Sectionalized for ease in locating the type of 

reducer most suitable to the application. For 

added reference value, it contains a General PARTS INDEX SHAFT ARRANGEMENTS 
Engineering Section that serves as a Hand- RATINGS 


book for solving speed reducer application ie 4 
For complete problems. When requesting a copy, specify Р POS N 


Engineering Data los No. 155. 
request WINSMITH, INCORPORATED 


112 Eaton Street 
.155 
Catalog No Springville, (Erie County), N. Y. 
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SINGLE REDUCTION 
WORM GEAR TYPE 
SERIES CB, CT, CV 
14 Sizes — .01 hp to. 34 hp 
Ratio Range — 5:1 to 77:1 


Maximum Output Torque 
142 to 34,767 in. lbs. 


CB—woRM ON BOTTOM 


DOUBLE REDUCTION 
WORM AND HELICAL 
GEAR TYPE 
SERIES CBX, CTX, CVX 
10 Sizes — .3 hp to 11.86 hp 
Ratio Range — 42:1 to 231:1 
Maximum Output Torque 
1331 to 34,767 іп. lbs. 


¢CBX—worm ON BOTTOM 


DOUBLE REDUCTION 
WORM GEAR TYPE 
SERIES CBD, CTD, CVD 


12 Sizes — .018 hp to 7.41 hp 
Ratio Range — 60:1 to 4460:1 


Maximum Output Torque 
650 to 34,767 in. Ibs. 


CBD—worm ON BOTTOM 


¥ 


1. series DBI 


1. DOUBLE REDUCTION 
WORM GEAR TYPE 
9 Sizes — .006 hp to 7.319 hp 
Ratio Range — 25:1 1о 3850:1 
Maximum Output Torque 
146 to 34,290 in. Ibs. 
2. SINGLE REDUCTION 
HELICAL GEAR 
HORIZONTAL TYPE 
3 Sizes — .05 hp to 18.86 hp 
Ratio Range — 3.06:1 to 12.66:1 
Max. Output Torque 294 to 3682 in. Ibs. 
3. TWO SPEED REDUCTION 
WORM AND SPUR GEAR TYPE 
2 Sizes — .01 hp to 6.17 LI 
Ratio Range — 5:1 to 163 
Max. Output Torque 333 to 3089 i in ibs. 


DIFFERENTIAL REDUCERS 


.12 hp to 81.51 hp 
Ratio Range 1.1:1 to 50,000:1 


Maximum Output Torque 
50 to 113,000 in. Ibs. 


| HORIZONTAL FLANGE MOUNTED 


WINSMITH, incorporated 
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СТ мом ом TOP CV —vtRTICAL 


CTX-—woRM ON TOP CVX VERTICAL | 


СТО. орм ом тор CVD--VERTICAL 


$9 


2. series 700, 2. series 700, 800, 900 900 3. series TSR 


VERTICAL MOTORIZED 


112 Eaton Street, Springville, (Erie County) N. Y. 
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IMPELLER 


OIL TO COOLER 
CIRCULATING PUMP 4 


INPUT SHAFT 
OIL FROM COOLER 


Choose 


Type TM Gyrol Fluid Drive: 
motor, traction-type drive in a 
single unit; 1 to 20 hp; Bulletin 
8519. Type T: traction-type less 
motor; 14 to 200 hp; Bulletin 7419. 


Type VS, class-4 Gyrol Fluid Drive 
—an adjustable-speed drive for 
fans, compressors and pumps, etc. 
100 to 2,500 hp; speeds up to 1,800 


rpm. Ask for Bulletin 9319. 


[ype VS, class-2, adjustable- 
speed Gyrol Fluid Drive. Speed 


range: 5 to 1. Six sizes, 714 
through 800 hp; speeds up to 
1,800 rpm. Request Bulletins 


9419 and 9519. 


Type VS, class-6 Gyrol Fluid 
Drive — adjustable speed drive 
for boiler-feed pumps, 
pressors, other high-speed ap- 
plications. 400-12,000 hp; to 
3,600 rpm. Bulletin 8019, 


com- 


—— RUNNER 
OUTER CASING 
INNER CASING 


OUTPUT SHAFT 
SCOOP TUBES 


Type VS, class-2, adjustable- 
speed Gyrol Fluid Drive —a 
packaged unit. Housing acts as 
oil reservoir and enclosure for 
rotors, bearings, oil-circulating 
pump, scoop tubes. Circulating 
pump, mounted on input shaft, 
supplies constant volume of 
oil for working circuit and for 
lubrication. Dual scoop tubes 
provide stepless-speed control 
for either rotation. 


the exact fluid drive you need! 


American Blower offers you a complete line 
of Gyrol Fluid Drives — including the new 
type VS, class-2, adjustable-speed model 


Application possibilities are unlimited with American 
Blower’s Gyrol Fluid Drive line! 

For example, the new type VS, class-2, adjustable- 
speed Gyrol Fluid Drive can be reversed while in 
motion —at any adjustable operating speed — by 
merely changing the direction of rotation of the 
motor! And you can use this compact, self-contained 
unit in a variety of arrangements of the driving motor. 

The standard Gyrol Fluid Drive line includes con- 
stant-speed and adjustable-speed units — up to 12,000 
hp, and speeds to 3,600 rpm. You'l find there's a 
Gyrol Fluid Drive to fit practically any application. 

For fact-packed bulletins and complete engineering 
data, get in touch with your nearest American Blower 
or Canadian Sirocco Branch Office; or write us direct, 
Do it, today! 


AMERICAN BLOWER CORPORATION, DETROIT 32, MICHIGAN 


CANADIAN SIROCCO COMPANY, LTD., WINDSOR, ONTARIO 


Division of American Radiator & Standard Sanitary Corporation 


AMERICAN @) BLOWER 


Serving bome and industry: MERICAN-STANDARD + AMERICAN BLOWER + CHURCH SEATS & WALL TILE + DETROIT CONTROLS » KEWANEE BOILERS + ROSS EXCHANGERS » SUNBEAM AIR CONDITIONERS 
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this vital 
feature 


Standard Cone-Drive gears 
and worms are carried in 
stock. Cone-Drive gears are 
noted for their long life— 
BUT if a failure should occur 
at any time, replacement 
gears and worms are avail- 
able without delay. 


Ask for Catalog 
No. 700 


abt |, 


ni m 


tM 


— = 


RR * 


! 5 жє 


РЕБЕР F 


di ditittittdiiiiun 
Ес? 


»rsewvysuvjes 


itm o dm 
Fi i 


ütuiiisiuuui 
URP TRES e 


Ssecify STANDARD 
Cone - Drive Gears 


and get ail 
these advantages 


Lower Cost. due to smaller size of gears and housings, mass production 
of worm and gear blanks, etc. 


Compactness. due to distribution of load over greater contact area, 
reducing unit pressures. As a result, gear sets can have smaller 


center distances, enclosures can be smaller, etc. 

Less Weight—duve to smaller center distances for o given horsepower 
or torque. Other types of gearing weigh up to 3 times as much 
for the same horsepower transmitted. 


Greater Smoothness —because Cone-Drive gears have more teeth 
in continuous contact than other forms of gearing. 


Wide Range of Sizes—Center distances from 2” to 18” provide 
horsepower ratings from fractional up to 800 horsepower. Rotios 


range from 5/1 to 70/1. 


-—— GEARS = ny Gop 


ewa а 7171 Û McNichol Road + Detroit 12, Michiges 
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THE D 


RY FLUID DRIVE 


DODGE of Mishawaka Announces An Entirely New 


Development in Industrial Power Drives that Promises 


to Revolutionize Drive Performance! Every Design 


Engineer and Plant Operating Man in America Will 


Want the Following Information. 


Here are the facts on how easily Flexidyne handles 


difficult starting problems, and gives a new kind of 
protection against shock and overloads. 


While new in the United States, this drive has 
already been proved in thousands of installations in 
Europe. Dodge has redesigned it to American stand- 


ards and now makes its dramatic advantages available 
to all industry. 


Flexidyne is a dry fluid drive. Its advantages over 
any other fluid-type drive are based on the fact that 


at normal operating conditions it does not slip. 


WHAT IT IS 
The Flexidyne Drive is made up of a housing, 
inside of which a rotor is free to turn concentrically. 


Between the two are fine particles of spherical steel 
shot, called the "flow charge,'' which acts very much 
like a fluid. The flow charge transmits power from 
housing to rotor. 


E44 


This flow charge is easy to seal in, has a high 


density and can stand relatively high temperatures. 
The use of this flow charge makes possible a design 
that is simple, compact, economical, and gives out- 


standing new and different operating characteristics. 


HOW IT WORKS 


1. The motor is connected to 
the housing, and starts it turn- 


ing at no load. 


2. The flow charge is thrown 
to the circumference of the 
housing, is compressed by 


centrifugal force, and revolves 
with the housing. 


3. The rotor, connected to the 
load, is started and accelerated by the friction and 


wedging action of the revolving flow charge. 
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FLEXIDYNE DRIVE (with Taper-Lock Sheave in phantom). 


4. Rotor and housing reach identical speeds—the 


Flexidyne operates with ZERO SLIPPAGE between mo- 
tor and load at normal running speeds. 


5. Before overloads cause damage, the Flexidyne 
rotor slips relative to the housing, overcoming the 


friction and wedging action of the flow charge. A 


thermal switch (optional) automatically cuts the elec- 
trical circuit if an overload persists. 


6. The amount of the flow charge determines the 
torque capacity. 


WHAT IT DOES 


The Flexidyne gives you the exact starting torque 
you need, for anything from the smoothest to the fast- 
est start. Once the load reaches normal speed, there 


is zero slip, giving 100% efficiency. Also, it provides 
accurate overload protection, as it can be set to slip 


at any desired load. During starting and overload 
periods the current draw is at a minimum because 
with the standard Flexidyne setting the motor is never 


pulled down to less than 90% of synchronous speed. 


All this is due to Flexidyne's completely new prin- 
ciple, which produces constant torque for a given 
input speed, regardless of the percentage of slip 
between the rotor and housing (which occurs only 


during starting or overload). 


The Flexidyne is simple to select off the shelf. Each 
size has a standard horsepower rating and yet it is 
only a matter of minutes to vary the flow charge to 


give you your own tailor-made torque to suit the job. 


With Flexidyne you get uniform performance re- 
gardless of changes in the surrounding temperature. 


The Flexidyne has very long life and practically 
negligible maintenance. Its simplicity guarantees its 
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dependability. Gas and diesel engines also benefit 
from all Flexidyne advantages. 


Aside from Flexidyne's low first cost, low mainte- 
nance, and top efficiency, it permits the usc*»f smaller, 
cheaper motors and controls with greatly reduced 


current demands and improved power factor, Its 


smoother starts and gentler overload protection avoid 
breakage and reduce maintenance on drives, gears, 
bearings and driven machinery. 


FLEXIDYNE COUPLINGS 
Two lines will be available—Flexidyne Drives, for 


convenient mounting directly on motor shafts and 
adapted for Dodge Taper-Lock Sheaves, and Flexidyne 
Couplings with Taper-Lock Bushings, for straight line 
drives. Several thousands of these units of French 


design, in capacities ranging from fractional to thou- 


sands of horsepower, are now in use in Europe. Dodge 
will first offer — from stock — four sizes rated at 3 to 
30 hp at 1800 rpm. Other sizes will follow. 


Write now for special bulletin, delivery dates and 
application information. 


DODGE MANUFACTURING CORPORATION 
1200 UNION STREET, MISHAWAKA, INDIANA 


CALL THE TRANSMISSIONEER, your local Dodge Distributor. 
Factory trained by Dodge, he can give you valuable assist- 
ance on new, cost-saving methods. Look for his name under 
“Power Transmission Machinery” in your classified tele- 
phone directory, or write us. 


= 


DODGE 





THE NEW BOSTON GEAR SPEED REDUCTION UNITS 


Г 


a rz». Ill 
Every feature you want- Pier 


— 


S 
Horizontal Right Angle Drive 
Worm gear on top 


any model you need- 


FROM STOCK — 


A. 
ri 
m—* 
SL 


FR 


) 


Vertical Right Angle Drive 
CERTIFIED ratings 


NEW space-saving design 


t 
Sta 


NEW clean contours Фф ч RSE 


Horizontol Parallel Drive 
Double Reduction 


NEW gearing efficiency 
NEW cooling fins 


FAN-COOLING optional 
on larger sizes 


ums A 


— 


Vertical Right Angle Drive 


RATIOMOTORS Double Reduction 


— all new features 
of Reductors plus 


oc 
NEW Horizontal Right Angle 


P {, е ‘ . Ratiomotor 


CONSTRUCTION cf i 
vO! 
A complete power package — gear reduction unit and easily ra: 
detachable standard end-mounted motor — combined for peak Horizontal Parallel 
performance, easy adaptability, big maintenance savings. Permits Ratiomotor 
(1) replacement of motor without disturbing gear unit. (2) Re- Double Reduction 
placement of original motor at any time with motor of special 


X 2-І M 
characteristics (totally-enclosed, etc.). ARAN 


^ 


hl 


- 
= \ 


Vertical Right Angle 
Ratiomotor 


FLANGED REDUCTORS The Rotiomotor gear 


reduction unit, supplied withouf motor. You buy 
and attach the motor of your own choice. p= 
{ Y Pid 
e a CS] bs 
Qoid MAXIMUM HORSEPOWER PER DOLLAR ves 
atiomotor 
» Double Reduction 


CALL YOUR NEW CATALOG PATENTS APPLIED FOR 
Ce 


BOSTO = ا‎ 
| gives MODELS 


complete details, 


DISTRIBUTOR |. selection charts, 1064 


\ 
engineering data. 


for complete information — or write: J Get your copy. "mm | 
Boston Gear Works, 71A Hayward Street, STANDARD STOCK 


Quincy 71, Massachusetts. UNITS 
Look under "GEARS in the Yellow Classified Section of your Telephone Directory for the BOSTON Geor Distributor nearest you. 55 BG-R-13 
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BAUSH WORM GEARING 


INDUSTRIAL APPLICATIONS 


FOR ALL CIFICATIONS ! ! 


MADE TO YOUR SPE 


I 


Ed 


У > L 
ë : | 
a" | " 
a -— 
== 
ое ———— 
' 


PEPPER a 


Be sure you have the exact gear you want — 

a QUALITY GEAR made to your particular requirements 
= checked 100% for tooth contact, center distance 
ond Rockwell Hardness — at the right price tool! 


BAUSH WORMS AND GEARS shown are a product of MACHIN E TO 0 L К 0. 


over 500 worm gear hobs we maintain at all times. SPRINGFIELD 7, MASSACHUSETTS 


Ranging from sets on 214” center to 28” center, they 
cover up to and including 2” circular pitch. 


YOUR SPECIFIC GEAR NEED CAN BE DESIGNED 1&2 — Lift Truck 12 А 13 — Hourglass Type Worm 


AROUND THESE HOBS ELIMINATING EXPENSIVE 3 — Bending Roll Drive & Wheel 
4&5 — For Multiple Spindle 14 & 15 — Lubrication Pump Drive 


TOOLING AND DELAY. Lathe 16 & 17 — Feed Drive-Avtomatic 
6&7 — Agitator Drive Machine 


Write for Catalog No. 12A of send us your prints — „за 2 d rari 18 & 19 — Que Реч 


there is no obligation. 
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A Question and Answer on 


HYDRAULIC EQUIPMENT FROM GEROTOR 


The Question . . . What is the newest, most versatile hydraulic transmission on the market? 


The new Gerotor Variable Speed 
Hydraulic Transmission 

Many aggeres: ee ee 
variable 


instantly speeds, without 


positive speed 


stopping; automatic braking; 


and reverse rotation. This versatile 


change response 
new transmission meets ail of these requirements . . . and many more. 


[he Geeblor Transmission combiver alll of Mae 


modan design 


Infinitely Variable Speeds—0 to 1500 r.p.m. without gearing 
Constant or Variable Torque and Horsepower @ Smooth 
Braking-—- instantaneous or delayed @ Full Range of Con- 


trols—from hand to automatic remote @ Rugged, Compact, 


The Answer . . . to your hydraulic pump requirements 


SERIES “QDB” 


. . small capacity pumps 
g.p.m. .4 to 1.5 


PRESSURE — Maximum continuous operating pressure is 
1000 p.s.i. 


SPEED — Standard design speed is 1800 r.p.m. Specific 
recommendations are made for applications at other speeds. 


ROTATION — Standard rotation is clockwise facing shaft end. 
Counter-clockwise rotation is available. 


OIL — Hydraulic oils with viscosity of approximately 300 
$.s.u. at 100° F. are recommended. 


. popular intermediate size 
g-p.m. 3 to 12 


PRESSURE — Maximum continuous operating pressure is 
1200 p.s.i., maximum intermittent 1500 p.s.i. 


SPEED — Standard design speed is 1200 r.p.m. Specific 
recommendations are made for applications at other speeds 


ROTATION — Standard rotation is clockwise facing shaft end. 
Counter-clockwise rotation is also available. 


OIL — Hydraulic oils with viscosity of approximately 300 
$.s.u. at 100° F. are recommended. 


Symmetrical Design @ Highest Torque in Low Speed Range 
Positive Overloed Protection @ Saves Maintenance Costs 
@ Rapid Reversing 


. when larger capacities are needed 
g-p.m. 20 to 40 


PRESSURE — Maximum continuous operating pressure is 
1000 p.s.i., except type 0-40, which is recommended for 
only intermittent duty at 1000 p.s.i. 


SPEED — Standard design speed is 1200 r.p.m. Specific 
recommendations are made for applications at other speeds. 


ROTATION — Standard rotation is clockwise facing shaft end. 
Counter-clockwise rotation is available. 


OiL— Hydraulic oils with viscosity of approximately 300 
s.s.u. at 100* F. are recommended. 


GEROTOR engineers can help you solve your hydraulic pump and variable speed transmission problems. Write for free literature and full particulars. 


MAY CORPORATION 
BALTIMORE 3, MARYLAND 


1543 MARYLAND AVENUE  » 
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| —pneumatic bin evacuators 


Variable Speed : 
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A good example is the JENSEN Model 
"BA" Shortstir Mixer*. Here is a simple 4-1 
reduction drive from motor to propeller 
shaft...yet look at all the new selling 
features the adoption of a Gilmer 
“TIMING” BELT Drive provides the 
manufacturer! (The quotes below are taken 
verbatim from Jensen’s own literature.) 


What other single “The JENSEN Shortstir Mixer, using the 

Timing Belt Drive, introduces a simple, 
design improvement rugged method of transmitting power from 
the motor to the propeller. It is much more 
yields so many selling features? compact, weight is greatly decreased, 

and elimination of couplings provides 
considerably less overhang from 
the motor. 


* 
adopting "Motor alignment is set at the factory and a 


'single bolt* adjustment for initial belt 
tension is the only adjustment required 


а ** 
д Gilmer for the life of the belt. 


“A Nylon facing and steel cable tensile 
“TIMING” BELT members assure an almost unlimited belt 
life. Positive engagement of belt teeth 
with pulley grooves prevents slippage, 
power loss, and overloaded bearings 


a 
Drive common to most types of belt drives. 
1 Compactness greatly reduces vibration. 


of course | “No lubrication or belt dressing is required. 
4 Oil, however, does not harm the belt. All 
the advantages of a positive gear drive are 


accomplished plus the quietness and 
economy of a belt drive." 


Stock or special Gilmer "TIMING" BELT 
Drives are obtainable through your local 
NYB&P Distributor. Many design engineers 
are now making profitable use of the 
200-page "Timing" Belt Drive Engineering 
Handbook. If you are engaged in designing 
machinery and do not have a copy, write 


Wensen Engineering C , Tulsa, Okla, 
see aligns scat se us On your company letterhead. 


eeThe ORIGINAL Timing Belt. 


Complete Mixer 
installed on side of 
tank. 


(99 cens AND “‘TIMING®”’ BELTS 
e 
А 


FFE NYB&P INDUSTRIAL RUBBER PRODUCTS 
dw. o, 


TAL eh eee 


America’s Oldest Manufacturer of Industrial Rubber Products 
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Spur 

Helical 

Spur Internal 
Helical Internal 
Racks 
Herringbone 
Worm 
Non-Metallic 
Spline-Shafts 
Coniflex-Bevel 
Spiral Bevel 
Zerol 

Hypoid 
Intermittent 
Sprockets 


Regardless of whether you require one or thousands of small Spur 
Gears . . . or a giant continuous tooth type Herringbone Gear .. . 
whether you want a bronze Worm Gear, or a huge internal Helical 
Gear . . . it's all the same to ‘Phillie Gear.'' Our Engineers and Gear 
Craftsmen are at your command, and they're backed-up by the very 
latest in gear cutting and finishing machines and methods . . . all 
operations are conducted in our two modernly equipped shops, 
under the supervision of experts. 

On top of all this, you receive prompt, courteous service, plus 
delivery when and as you specify . . . and finally, you get the benefit 
of nearly 63 years continuous gear-making experience. 


PHILADELPHIA 


INCORPORATED 
ERIE AVE. AND G ST., PHILADELPHIA 34, PA. 


NEW YORK « PITTSBURGH + CHICAGO « HOUSTON « LYNCHBURG, VA. 
BALTIMORE + CLEVELAND 
Virginio Gear & Machine Corp., Lynchburg, Vo 
industrial Gears & Speed Reducers - LimiTorque Valve Controls 
Established 1892 
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The pioneer builder of machine-ground b/b 
screws announces a revolutionary new line of... 


STANDARD-SIZED ROLLED-THREAD 
SAGINAW Ball/Bearing SCREWS 
PRICED AS LOW AS, OR LOWER 
THAN, ORDINARY ACME SCREWS! 


Get up to 6 times more efficiency... 
save at least 2/3 on power 
requirements or manual effort! 


Here’s great news for every manufacturer who 
uses Acme screws or hydraulic actuators in his 
product! Saginaw now offers Rolled-Thread 
Safety b/b Screws in standard sizes at amazingly 
low mass-production cost. 


In many applications this new rolled-thread type 
will provide completely adequate performance at 
a fraction of the cost of machined-thread units. 


GIVE YOUR PRODUCTS THESE PERFORMANCE 
ADVANTAGES AT NO INCREASE IN COST — 


e At least 90% efficiency guaranteed—compared 
with 15% to 20% efficiency of Acme screws. 


s Requires less than 1/3 as much torque as 
Acme screws for same amount of lineal output. 


e Saves substantially on cost, size and weight 
of motors, gear boxes and auxiliary equipment. 


e Far less wear—less maintenance—longer life. 
e Precision positioning—free play can be vir- 
tually eliminated where necessary. 


e Operates dependably with or without lubri- 
cation at temperatures from —75° F. to +175° F. 


١۹ 


ТҮГЕ „ 


JI ШШЩ, к A, fan? | i 
i» 58454224 


New standard Soginow boll-nut con be furnished threaded or with 
flange or trunnion-type adaptors for easy application to almost any unit. 


afety 


— 
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ROLLED-THREAD SAFETY b/b SCREWS ARE NOW AVAIL- 
ABLE IN THESE STANDARD SIZES AND ANY SCREW LENGTH: 


Ball Circle 
Diameter Ball Size lead 


375 .0625 125 

.631 125 .200 
1.000 -15625 .250 
1.171 .28125 .41304 
1.500 34375 .47368 
2.250 .375 .500 
3.000 .500 .650 


ROLLED-THREAD SAFETY b/b SCREWS ARE ALREADY BEING 
SUCCESSFULLY USED IN THESE TYPICAL APPLICATIONS: 


* Automatic Garage * Circuit Breakers 
Doors e Convertible Top Lifts 
* Automobile Seat * Die Table Positioners 
Adjusters and Window e Drill Presses 
+ 


Lifts Marine Steering 
e Barber Chairs Gears 


* Bumper Jacks * Welding Machines 


General Motors Corporation 
Dept. 9JH, Saginaw, Michigan 


Please send detailed data on your new Rolled- 
Thread Safety b/b Screws. | am interested in their 
application to: 1. 

Name — Title 

Firm 

Address 

City 


Mail coupon today for full details and 
engineering recommendations for your needs. 


cq uno 





Designed for 


RUGGEDNESS and 
DEPENDABILITY 


For more than a quarter of a century Clark power transmission 
engineers have been thinking in terms of performance and out- 
standing dependability. 

That’s why, when you have a transmission, torque converter, 
drive unit or axle problem, you can find a solution by calling Clark. 
Seasoned, resourceful Clark engineers are always available to work 


with your engineers. Over the years dozens of manufacturers have 
found this 'teaming-up" to be the 


quickest, easiest way to be certain 

of superior performance. n i а 0 1 
You'll find IT’S ALWAYS GOOD 

BUSINESS TO DO BUSINESS EQUIPMENT 


WITH CLARK. 


TRADEMARK OF THE CLARK EQUIPMENT COMPANY 


CLARK EQUIPMENT COMPANY 
Buchanan, Jackson, Benton Harbor, Battle Creek, Michigan 


Write for this 

new 42 page book 
illustrating and 
describing the 
products and 
facilities of CLARK. 
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. . it pays 
sively in correctly 


ment. since 1918, 


and built Fricti 


e of this specializa 


for almost any !YPe om? 
sed in any type application. 


drive —friction 
industrial equipment —V 


Fluid Couplings — 
Small aluminum 
type, 7.48 to 10.6. 
Large stamped - steel 
type, 12.2 to 27. 
Ranges from % to 
850 hp for motors or internal com- 
bustion engines. Bulletin 144-D. 


PO Air-Actuated 

Clutches — Spe- 

cially designed 

for operation at 

higher speeds 

with less inertia and greater efficiency, 
Model PO is offered in sizes from 14” 
through 36” (up to 126,600 Ibs. ft. 
slippage capacity). Bulletin 304. 


Friction Power 

Take-Offs — Single- 

plate 6.5" to 24"; 

double-plate 11.5" 

to 24"; triple- plate 
14" and 18". Housing sizes No. 6 
SAE to No. 00 SAE. Capacities to 
650 hp. Bulletin 129-C. 


E54 


to consult a company ! 
linking horsepow 
Twin Disc specialists 
on and Fluid Drives 
tion, 


hat specializes — 
er to driven equip" 
have designed 
for just that purpose. 
Twin Disc can make 
proper type 


i the 
regarding heavy-duty 


MOS, MOD, MTS, MTU Multiple 
Plate Clutches — MOS, MOD oil- 
actuated for remote control without 
mechanical linkage. MTS, MTU 
(both oil and dry types) mechani- 
cally actuated. Single and duplex. 
Sizes 3” to 12"—.4 to 44 hp per 100 
rpm. Bulletins 306 and 134-D. | 


eo 


Models CL, E, EH Clutches—Models 
E and EH in sizes 14" to 36", capac- 
ities 13.5 to 350 hp per 100 rpm. 
Model CL in sizes 5.5" to 11.5", 1.5 
to 19.5 hp per 100 rpm. Bulletins 
108-F and 120-D. 


T 


Fluid Power Take- 
Offs—Incorporate 
Fluid Coupling. 
For all types in- 
ternal combustion 
engines up to 700 
hp. Models 14.5, 
17.5 and 21. Bulletin 144-D. 


HYDRO-SHEAVE® 

Drives — Com- 

plete, ready-to- 

install, fluid power 

transmission pack- 

age for both motors and engines. 
Protects both driving and driven | 
equipment. Capacities from %4 to 
50 hp. Bulletin 145-B. 


Marine Gears — § 

Sizes, capacities (o^ 

and reduction ra- ~ 

tios for engines from 20 to 340 hp 
—600 to 2500 rpm range. Fluid 
Coupling or Rubber Block Drive 
available. 


F, IF, CF Hydraulic Torque Convert- 
ers (Industrial) — Up to 6:1 multi- 
plication with 20 input, output 
combinations. 3 sizes in 7 capacities 
each, for any type gas or diese! engine 
from 40 to 650 hp. Bulletin 135-D. 


4 

Today, Twin Disc is the world's 
largest exclusive manufacturer of a 
complete line of Friction and Fluid 
Drives for industrial powered equip- 
ment. If you have a problem, consult 
Twin Disc Clutch Company, Racine, 
Wisconsin, Hydraulic Division, Rock- 
ford, Illinois. 


ISC 
nd 
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In a conventional inboard installation 
(above), the engine must be mounted 
in the center of the boat with a direct 
drive to the propeller. Mounting the 
engine in the rear of the boat, as shown 
below, greatly increases cabin space 
and hold capacity. Gleason engineers 
assisted the Marine Engine Manufac- 
turers in the development of the V-Drive. 


Take, 


Drive. 


for example, this marine V- 
The use of spiral bevel gears 
permitted a design which released more 
usable space in the boat, improved 
balance, and simplified installation. 
This is just one instance of the added 
flexibility of product design possible 
with transmission, 


angular power 


Faster production and lower costs 


ngular power transmission 


can improve your product, toc 


will also result from using this type of 
transmission. 

If you have a design application for 
bevel or hypoid gears, the Gear Engi- 
neering Department of the Gleason 
Worksis ready to help you realize every 
advantage possible. Design and pro- 
duction recommendations for your an- 
gular drive are offered at no obligation. 


If you would like to discuss you 
bevel gear application with a Gleasos 


representative, please contact us. 


These Gleason Technical Handbooks are 
available on request: 


Spiral Bevel Gear System 
20 Straight Bevel Gear System 
Zerol® Bevel Gear System 


Builders of bevel gear machinery for over 90 years 
1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 





VARD--- FIRST IN MECHANICAL ACTUATION 


Ls 


This complete Boeing B-52 

Stabilizer Trim Actuator 

incorporates a 2.87” P. D. 

Vard ball nut and screw 

which is made from 9315 

steel carburized to Rc 58 bh | — mg" 

and utilizes multiple cir- Est. на, Y „м 8 
cuits of alternate spacer "WT \ 
and load balls. The unit i 

also contains 3 gear drives, 
2 hydraulic motors, 2 Acme 


screws and electric and 1 
hydraulic actuators. 


IN HANDLING YOUR SPECIFIC PROBLEM... 


Vard engineers will analyze 
your ball screw require- 
ments to determine the 
advisability of single or 
multiple ball circuits. 
Either of these options 
may require all load balls 
or alternate spacer balls. 
You may be sure that the 
combination indicated by 
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position to deliver cil ni 
units promptly ч our analysis will best meet 


your needs and will be pro- 
duced by the finest facilities 
available. 
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Resident Sales Engineers: 
New York City 
Dayton, Ohio 
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VARD 


2981 East Colorado Street 
Pasadena 8, California 
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G.S. SMALL GEARING 


CONTRIBUTES TO THE TOP PERFORMANCE OF 


eR OUTBOARD MOTORS 
Mass-producing consistently better Small Gearing for fine 
outboard motors has been a specialty of ours for years. 
Quality-minded manufacturers, like THE KIEKHAEFER 
CORPORATION, makers of MERCURY Outboards, have 
learned from long experience to depend upon us for the 
high degree of uniform accuracy needed in gears designed 
to transmit the surging power of these modern high-speed 
engines. Size for size, the G.S. Gears in the famous Mercury 
Quicksilver lower units are subjected to greater sustained 


high-speed and impact loads than in any other known 
application. 


Close inspection of G.S. Gearing soon shows its burr-free 


smoothness . . its strict conformity with exacting specifi- ee 
cations. These and other fine features are indicative of the GET OUR 6-P AGE FOLDER 
superb a — that MM — service-free perfor- See where and how we mass-manufacture Small 
мэсе с си Omer s 86000008. cute r —— [o tolerances. This attractive 
ity Small Gearin 8% х 11“ 6-page folder is punched for ring-binder 
— — an? 9, — — nen сө — use. It contains 23 pictures of Small Gears, plant 
of — — this field! See fo if views, as wellas Diametral and Circular Pitch Tables. 
de unn —_— а bd p m Ask for your copy on company stationery, please! 
many critical manufacturers from coast-to-coast. 


роу решу исне) 


Е [AY R Specialties, Inc. 


Spurs - Spirals - Helicals - Bevels - Internals - Worm Gearing - Racks - Thread Grinding 
MEMOER OP 2635 WEST MEDILL AVENUE * CHICAGO 47, ILLINOIS 


C) WORLD'S LARGEST EXCLUSIVE MANUFACTURERS OF FRACTIONAL HORSEPOWER GEARS 
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Why specify one sheave instead of another? 


TAKE A CLOSE LOOK at this cutaway view of the Worthington 
QD — the original two-piece sheave. See how unique two- 
piece construction makes it easy to get on, easy to get off. 
But its heavy-duty split-tapered-cone hub grips shaft tightly, 
holds fast under the heaviest shock loads. 


WAREHOUSES LOCATED AT: Kearny, N.J. * Oil City, Po. * Seattle 
San Francisco + Los Angeles + Denver + Tulsa * Ft. Worth * Houston 
New Orleans * Chicago * Clevelond * Atlanta, Ga. 
PROMPT SHIPPING SERVICE. Thirteen factory warehouses 
with stocks covering over 100,000 V-belt drive stock com- 
binations, from % to 600 horsepower, support over 250 
stocking distributor outlets. These shipping centers can fill 


Some folks seem to think there’s no difference 
between sheaves. No maiter who makes them or sells 
them, a sheave’s a sheave and a V-belt’s a V-belt. Period. 

Not our users, though. They know our sheave (the 
Worthington QD) is different. More to the point, they 
know it’s better than other sheaves. And easier to get, 
too. There are Worthington service outlets practically 
everywhere. Never any delays in stock shipment or 
service! MV.5.4 


SCIENTIFIC DESIGN of QD sheaves not only provides more 
efficient transmission of power but actually adds to the looks 
of your product. What’s more, I-beam construction of the 
QD driveN sheaves provides greater strength with less weight. 


GOOD NEWS for engineers: This free, 100-page “Master 
Engineering Manual” makes sheave and V-belt selection as 
easy as falling off a drive shaft. Write for it today to 
Worthington Corporation, Mechanical Power Transmission 
Division, Section MV.5.4, Oil City, Pa. 


NS 


your requirements fast. 
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SPECIFY THESE WORTHINGTON STANDARD PRODUCTS ON YOUR EQUIPMENT 


Compressors ` Pumps . Multi-V-Drives + Variable Speed Drives 
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Guaranteed 
— V 


“ч „МАХ. MAX 4 


5 t 


REVERSE 
a So 
Еро 


GET 4 
(а speed drive 


SIZES FROM FRACTIONAL TO 3 H. P. 


There are four sizes of Graham — each in a wide variety of styles. All drives 
may be had either with built-in motor or with input shaft extension for coup- 
ling or belting to separate motor or to a shaft of the machine. Controls are 
either single turn, micrometer, lever or remote electrical control with speed 
indication at the remote point. Built-in motors may be had of nearly any 
desired mechanical and electrical type, open, totally enclosed, explosion- 
proof, motor with built-in brake included. 


6 OUTSTANDING FEATURES 


Ultimate in simplicity and com- 
pactness. 

Unlimited speed range from 
any desired maximum down to 
zero — including reverse if 
wanted without stopping the 


Unmatched for accuracy of speed 
setting and resetting and speed 
holding. 


No perishable parts. 
Fifteen year performance record. 
Low cost. 


motor. 


COMPLETE LINE OF BUILT-IN GEAR BOXES 


The Graham gives every speed from any desired maximum down to zero 
(including reverse if wanted, without stopping the motor). The Graham 
should be so selected that the desired maximum speed of the driven shaft 
is had when the Graham is running at approximately its top speed. When 
this requires reduction or step-up gearing, this may be had without the cost 
and complication of a separate gearbox since the Graham is available with 
built-in single reduction or step-up spur gearing, single reduction worm 
gearing with output shaft horizontal or vertical, and double reduction helical 
gearing. Only four mounting bolts are required for the entire assembly — 
transmission, built-in motor and built-in gearbox — the ultimate in com- 
pactnéss. 


Because 


engineered 


Mail This Coupon NOW..... 


GRAHAM TRANSMISSIONS, INC. 


DEPT. PE, MENOMONEE FALLS, WISCONSIN 
Gentlemen: Please send your latest catalog on Graham Variable Speed Drives 


and rated for 
continuous 
round the 

most reliable variable speed drive made 


— Compony 
clock service 
Nome 


Address 


City 
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Avoid Costly Shut-Downs with 


THOMAS FLEXIBLE COUPLINGS 


Installation of three 351- 
DBZ-B Thomas Couplings 
in Columbia Breweries, 
Tacoma, Wash. between 
motors and Vilter refrig- 
eration compressors. 


Patented Flexible Disc Rings of special steel transmit the power and pro- 
vide for parallel and angular misalignment as well as free end float. 


DEE New small coupling for any appli- 


cation involving drives for timing 

machinery and electronically con- 

trolled automatic machines. Has 

low weight, non-magnetic construc- 

tion and minimum backlash. 
Available in shaft sizes from 
1/8” dia. and up for speeds 
up to 50,000 RPM. 


THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT 


Thomas All Metal Flexible Couplings have been on the market 
for thirty-five years and there are in operation even now couplings 
that have been operating for over thirty years without any cost 
for maintenance or repair. Specify Thomas Couplings to avoid 
costly shut-downs. 


DISTINCTIVE ADVANTAGES 


NO MAINTENANCE 


NO LUBRICATION 


NO BACKLASH 


PERMANENT 
TORSIONAL 
CHARACTERISTICS 


Requires No Attention. 
Visual Inspection 
While Operating. 


No Wearing Parts. 

Freedom from Shut-downs. 

No Loose Parts. 

All Parts Solidly Bolted. 

Free End Float under Load and 


Misalignment. No Rubbing Action 
to cause Axial Movement. 


Drives Like a Solid Coupling. 
Elastic Constant Does Not Change. 
Original Balance is Maintained. 


Thomas Couplings are made for a wide 
range of speeds, horsepower and shaft 
sizes and can be assembled or 
disassembled without disturbing the 
connected machines, except in 


rare instances. 
ITA, 
I f i 


н | 


3 ES 


Write for our new Engineering Catalog No. 51A 


THOMAS FLEXIBLE COUPLING COMPANY 


Largest Exclusive Coupling Manufacturer in the World 
WARREN, PENNSYLVANIA, U.S.A. 


Catalogs 
and 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(Q-1) SUPERCHARGERS — Bulletin 
255, © pp, illustrates and describes 
rotary positive blowers used for gen- 
eral industrial applications, in addition 
to supercharging engines. Miehle- 
Dexter Supercharger Div., Dexter 
Folder Co., 100-4 St., Racine, Wis. 


(Q-2) MULTIPLE V-DrivEs—Catalog 
PV-200 A, contains specifications on 
the sizes of stock sheaves and belts; 
complete engineering data for design 
of drives, along with tables of hun- 
dreds of practical stock drive com- 
binations already worked out. Brown- 


ing Mfg. Co., Maysville, Ky. 


(Q-3) GEARMOTORS—Bulletin 1001, 
16 pp, describes line of single, double 
and triple reduction units ranging 
from 1 to 50 hp. Louis Allis Co., 
Milwaukee 7, Wis. 


(Q-4) HYDRAULIC CONSTANT SPEED 
Drives—Bulletin GET-2480, 11 pp, 


describes operating characteristics and 


| functions of the drives, and is illus- 


trated with line drawings and sche- 
matic diagrams. General Electric Co., 
Schenectady 5, N. Y. 


(Q-5) PARALLEL SHAFT GEAR 
Drives—Book 2619, 32 pp, contains 
engineering data, including simplified 
horsepower tables, dimensions and 


overhung load capacities for selection 
from the standard line. Baseplates and 


| built-in backstops are also covered. 


Link-Belt Co., Dept. PR, 307 N. Mich- 
igan Ave., Chicago 1, Ill. 


(Q-6) V-BELT Drives — Catalog 
WBC-55-2, 74 pp, gives new horse- 
power ratings for V-belts and de- 


scribes newly developed single “Q,” 
"R" and "W" drives. American Pulley 
Co., 4200 Wissahickon Ave., Phila- 
delphia 29, Pa. 
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CAN WORK 
FOR YOU-— 


Here's Uniform Flow of Power 


Through Rolling Action 


ИШ 
Conson Velocity 


UNIVERSAL JOINTS 


THE GEAR GRINDING MACHINE CO. 
3939 Christopher  * Detroit 11, Michigan 
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—for every heavy, medium, and light duty application 
including military trucks, road building machinery, 
mining equipment, and hundreds of other applications 

. including machine tools and custom-built models 
as replacement equipment. 


Rzeppa Joints always offer top performance. By trans- 
mitting true constant rotating motion, joints wear 
longer, have higher capacity, are more compact, and 
operate with less friction. 


Rzeppa Constant Velocity Universal Joints carry 
heavier loads for their size than any other type of 
joint. So here is ruggedness—plus! 


HERE’S TRUE CONSTANT ROTATING MOTION 


As the illustrations show, motion is transmitted by 
hardened steel balls rolling in grooved raceways. 
Constant velocity is achieved by the bali groove 
geometry which maintains the driving balls and cage 
in a half-angle position at all times. The groove con- 
struction compels the balls with the cage to always 
lie in a plane which bisects the angle between the 
driving and driven shaft—no matter what the shaft 
angle may be. By maintaining the balls in the correct 
bisecting plane at all times, true constant velocity 
motion results. By constant velocity is meant: the uni- 
form turning of a shaft without any speed fluctuations. 
In 4-wheel drives, as in many other types of applica- 
tion, the problems of pin- or yoke-type joints have 
been eliminated. In these applications, Rzeppa Con- 
stant Velocity Universal Joints have thus solved an old 
problem: fluctuations occurring in the driven shaft. 


WRITE 
FOR 


LATEST 
CATALOG 


THE GEAR GRINDING MACHINE CO. 

3929 Christopher, Detroit 11, Michigan 

Please send me the latest edition of your Rzeppa catalog. 
NAME 


TITLE 


COMPANY 


ADDRESS 
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STOW flexible shafting powers this Avery 
Rake, built by the B. F. Avery Division of 
Minneapolis Moline Company, Louisville, Ky 


STOW flexible shafting drives the feed con- 
veyor on this G.L.F. bulk feed delivery unit 
operated by Broome G.L.F. Elevator. 


STOW flexible power drive shaft drives this 
new roof-type mining drill developed by 
Crichton Company, Johnstown, Pa. The 
flexible shaft makes possible quick adjust- 
ment for drilling at varying roof heights. 


FLEXIBLE SHAFTS. 


! 


І 


Stow Flexible Shafting has many 
types of applications... in 
industry.. in agriculture 
wherever mechanical power 
transmission or remote control 
is needed. 

80 years of experience, research 
and development have increased 
the utility of Stow Flexible Shaft- 
ing in these fields, so that more 
original equipment manufac- 
turers specify Stow Shafts on 
newly designed, power-driven 
machinery. 

Design engineers find that the 
efficiency of flexible shafting 
ranges from 80% to 95% . . . that 
Stow Flexible Shafts do the job 
better, more economically, with 
fewer maintenance problems. 
Much time, effort and expense 
can be saved if flexible shafting 
is considered in the early stages 
of design. Perhaps you can 
solve a power transmission prob- 
lem you're working on right 
now, with Stow Flexible Shaft- 
ing. Our engineers are always 
at your service. 


WRITE TODAY, 
FOR FREE 
BULLETIN 

525 


MANUFACTURING CO. 


313 Shear St., Binghamton, N.Y. 








Catalogs and Bulletins continued 
(Q-7) SPEED-REDUCTION DRIVES— 
Catalog SRC-55-2, 16 pp, covers fea- 
tures and construction details and 


specifications. American Pulley Co., 
4200 Wissahickon Ave., Philadelphia 
29, Pa. 


(Q-8) CONVEYOR-PULLEYs—Catalog 
CPC-55-2, 10 pp, has complete di- 


mensional tables, New heavy duty 
pulley line is also explained. American 


Pulley Co., 4200 Wissahickon Ave., 
Philadelphia 29, Pa. 


(Q-9) SPEED REDUCERS—Catalog 55, 
150 pp. Ratios and ratings for worm 
helical speed reducers are listed. Over- 
hung load capacities are listed and ex- 
plained. Tables showing detail dimen- 
sions of standard worms and gears are 
included. Horsburgh & Scott Co., 5114 
Hamilton Ave., Cleveland 14, Ohio. 


(Q-10) HYDRAULIC TRANSMISSION 
— Bulletin 47-40B, 2 pp, describes 34 
hp variable speed transmission. Also 
presents chart of output speed ranges 
for various recommended input speeds 
and installation drawings for both 
handwheel-controlled and  servo-con- 
trolled models. Vickers, Inc, 1400 
Oakman Blvd., Detroit 32, Mich. 


(Q-11) PROPORTIONAL THROTTLING 
CONTROL—Bulletin B-50-2, 12 pp, 
illustrates proportional control of 
speed changers, valves, pumps and 
electric components. Conoflow Corp., 
2100 Arch St., Philadelphia 3, Pa. 


(Q-12) STOCK GEARS, REDUCERS— 
Catalog 50, 126 pp. Gear tooth data, 
horsepower and torque ratings, selec- 
tion tables and other useful data is 
provided on standard types of gears, 
speed reducers, sprockets and roller 
chains. Ohio Gear Co., 1333 E. 179 
St., Cleveland 10, Ohio. 


(Q-13) ADJUSTABLE SPEED DRIVE— 
Bulletin SF-1, 7 pp, contains con- 
struction details, capacities, character- 
istic torque curves, dimensions, eff 
ciencies and advantages. Dynamatic 
Div., Eaton Mfg. Co., Kenosha, Wis. 


(Q-14) TORQUE CONVERTER COU- 
PLINGS—Folder, 6 pp, describes units 
designed for use with engines develop- 
ing 180-225 ft.-lb. of torque governed 
at 2000-2200 rpm or higher. Perform- 
ance and engineering data for various 
types of applications is provided. 
Fuller Mfg. Co., Kalamazoo, Mich. 
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can the advantages of 


these Formsprag Clutches 










be put to work for 


YOU — 


This most modern of clutches 
—the Formsprag Full Comple- 
ment—has sprags running on 
concentric races without ramps. 
Design of the sprag provides 
a greater load capacity than 
any other type of working 
member. And—there are 
more working members 
(sprags) than in any other 
clutch-type. Formsprag’s full 
complement of sprags always 
means MAXIMUM TORQUE 
CAPACITY in a small, com- 
pact unit. Write today for | 
literature on the unit of 
e on the 81 | New 


specific interest to you. 


Over-runninc 


Indexing « Backstopping New 


OPO 
23607 Hoover Road / Van Dyke, Michigan 


Distributors in principal cities 





Ld 


AIR COOLED COUPLINGS AJUSTO-SPEDE® DRIVES PRESS DRIVES 


EDDY-CURRENT 
ROTATING EQUIPMENT 


DYNAMATIC DIVISION J 


TON 





Our new booklet, “Bulletin GB2," describes and illus- 
trates the basic Dynamatic Eddy-Current units, including 
the new Stationary Field Coupling. If you are interested 


LIQUID COOLED COUPLINGS —  ,, modern speed control, write for your copy. LIQUID COOLED BRAKES 


Speed Control Dynamatic Eddy-Current Couplings, brakes, clutches, Dynamometers, 
and Ajusto-Spede® drives, in use today in practically every basic in- 


2 
By oblems е dustry—in both plant equipment and end products—are proving the 


f th ideal solution to difficult speed control and testing problems. Advan- 
One of these tages include rapid response, infinitely adjustable speed control, wide 


speed range, quiet operation, high full-load efficiency, low main- 
Dynamatic Units p ge, quiet op g cy 


may be the solution tenance cost, adjustable speed from an AC power source. Write for 
your copy of the new Dynamatic Bulletin GB2 today, 


a 

DYNA ATI DIVISION EATON MANUFACTURING COMPANY 
VINAMATIL KENOSHA, WISCONSIN © General Offices: Cleveland, Ohio 
64 
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A WICHITA Low-Inertia AIR-TUBE Clutch is 


CUT j YOU WANT Bi A алта! 


MAINTENANCE 
CENTRIFU LESS 7 


DOESN’ CE 7 
T AFFECT CAPACITY | = 
о | ^ DIAMETER, 
6" DIAMETER TO 48" D 
SINGLE AND DOUBLE-PLATE TYPES 
| PROVEN ON THOUSANDS OF JOBS 


INCREASED PRODUCTION 
o LUBRICATION | 


The remarkable record being made by WICHITA 
Clutches proves their unchallenged superiority. 
Thousands are in use and, because of their durability, 
mechanical perfection and sound engineering prin- 
ciples, none has ever had to be replaced or removed! 


All of the best features of the disc-type clutch have 
been combined with WICHITA's own features . . 
the advantages of direct air engagement plus the 
simplest and most trouble-proof application of air 
pressure today . .. direct axial pressure through com- 
pressed air in a rubber tube. 


Consult Your Nearest Wichita Engineer for Complete Detailed Information 


WICHITA DISTRIBUTORS 


Brehm-Lahner, Inc., Detroit, Michigan Robert R. King Co., Cleveland, Ohio 

L. H. Fremont, Cincinnati, Ohio John C. Burge, Oklahoma City, Oklahoma 

W. G. Kerr Company, Pittsburgh, Pa. Dominion Power Press Equipment Ltd., 

Smith-Keser & Co., (Main Office) Avon, Conn Longacres P.0., Aldershot, Ontario, Canada 
Smith-Keser & Co., Philadelphia 44, Pa. Hunt Tool Co., Houston, Texas 

Smith-Keser & Co., New York, N.Y. industrial Air Controls Co., Ft. Worth, Texas 

Frank W. Yarline Co., Chicago, Ill. Allied Transmission Equipment Co., Kansas City 8, Mo 
Power Rig & Equipment Co., Inc., Long Beach Sales Engineering Company, Inc., Salt Lake City 4, Utah 





American Blower 
Gyrol Fluid Drives 
offer you 


Typical Applications 


PUMPS, AGITATORS, MIXERS 
CONVEYORS, CABLE & ROPE MACH’Y 
FANS AND BLOWERS 

CENTRIFUGAL COMPRESSORS 

PAPER AND PRINTING MACH'Y 
TEXTILE MACH'Y 


American Blower products 
serve industry 


AIR CONDITIONING, HEATING, 
VENTILATING EQUIPMENT 


MECHANICAL DRAFT EQUIPMENT 
INDUSTRIAL FANS AND BLOWERS 
CENTRIFUGAL COMPRESSORS 
GYROL FLUID DRIVES 

DUST COLLECTORS 


E66 


Adjustable speed 
Over a 5 to 1 
speed range 


Think of the power and main- 
tenance savings you'd gain 
from your equipment if you 
could eliminate special motors 
and expensive starting controls, 
yet still have an adjustable 
speed drive with a wide speed 
range. 

You get this advantage with 
American Blower Gyrol Fluid 
Drives — plus the additional 
benefits of no-load starting, 
shock absorption, automatic 
or manual acceleration control 
and quiet operation. 

The standard Gyrol Fluid 
Drive line includes constant- 
speed and  adjustable-speed 
units — from fractional horse- 
power to 12,000 hp and speeds 
to 3600 rpm. Your nearest 
American. Blower Branch 
Office has full information. 
Why not give them a call. 


Principle of operation of Gyrol Fluid Drives 


Operates on hydro-kinetic prin- 
ciple, using vortex of oil to 
transmit power from driving to 
driven machinery. Power is 
transmitted smoothly, evenly, 
efficiently without shock. Fluid 
Drive provides a simplicity of 
design and a flexibility of oper- 
ation no other method of power 
transmission offers — plus an 
inherent safety factor. 
Runner Vortex of Oil Impeller 


AMERICAN BLOWER CORPORATION, DETROIT 32, MICHIGAN 
CANADIAN SIROCCO COMPANY, LTD, WINDSOR, ONTARIO 


Division of American Radiator & Standard Sanitary Corporation 


e B, 


AMERICAN (2) BLOWER 


e ` 
feet 


Serving home and industry: AMERICAN-STANDARD » AMERICAN BLOWER + CHURCH SEATS & WALL TILE 
DETROIT CONTROLS + KEWANEE BOILERS + ROSS EXCHANGERS + SUNBEAM AIR CONDITIONERS 
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Belt Vibration 
[A^ Р 
Design ADI Se ae — 


and radiator... I was able to cut vibration 66%. With Veelos 


adjustable v-belt, the machine could be shipped... when 
E endless belts were used the machine was rejected." 


"An oil cooler unit had been a trouble maker with many 


SOLVE IT BY SPECIFYING machines returned. Veelos adjustable v-belt was installed in 


place of endless belt and the amplitude was lower at every point. 
The vibration was as much as 76% lower with Veelos." 


И - the Balanced V-BELT "On a precision grinder the finished work was not acceptable 


due to chatter marks. We found by using an electronic 
vibration analyser that the machine was vibrating .00035"' at 
the spindle when operating with 7B endless v-belts. After 
balancing the grinding wheel the vibration was reduced to 
.00015"' but the finished work was still not acceptable. I then 
installed 7B Veelos v-belts and the vibration was down to 
.00001’’ and the finished work was now acceptable." 


IT WILL PAY YOU to specify Veelos adjustable v-belts because: 


Veelos gives you efficient, vibrationless, full power delivery. 


Veelos gives you complete freedom of design... you fit the belt to 
the drive, no! the drive to the belt. 


Idlers and pivoted or sliding motor bases are unnecessary. 


You can use outboard bearings to advantage. Veelos is installed 
without dismantling any part of the machine. 


Manheim Manufacturing & Belting Co. 
246 Manbel St., Manheim, Pa. 


| would like to see vibration reduction demonstrated on the electronic analyser. 


"4j Hove your representative call me for a convenient time. 
V E — | ае | ا‎ : 


THE BALANCED Company. 


LINK V-BELT 


Veelos is known os Veelink ADJUSTABLE TO ANY LENGTH * ADAPTABLE TO ANY DRIVE 
1 700 


outside the United States. 


Address = —————————— 
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Now —all from one source 


* 
* 


o 
> Pf, VARI-SPEED MOTOR PULLEY 


» ADJUSTABLE MOTOR BASE \ VARI-SPEED BELT 


RELIANCE Ac MOTOR DRIVEN PULLEY 


eight sizes 
for Ye to 15 hp. 
2:1 to 4:1 ratio 


REEVES 


Vari-Speed Motor Pulley 


This simple, compact REEVES unit provides an economical 
way to widen machine range, and an efficient method of adjust- 
ing work flow to changing conditions. Speed variations are 
effected smoothly and instantly—without stopping the ma- 
chine! Unit also available without motor. For bulletin com- 
plete with rating charts and dimensions, write Department 
KH18-V 545. 


THE RIGHT SPEED FOR EVERY NEED! 


Transmission Vari-Speed Motodrive 
Heavy duty—2:1 to 16:1 Compact—2:1 to 6:1 Versatile, economical— 
range—fractional hp. to range—sizes to 40 hp.— 8:1 range— 4, 3 and 


87 hp fractional with 10:1. 1 һр. 


Flexi-Speed 


The wide range of REEVES variable speed equipment is now 
supplemented by the line of Reliance drives. Now—more than 


ever—you can rely on your REEVES representative for the 
answer to any speed control problem. 


REEVES PULLEY COMPANY, COLUMBUS, INDIANA 
Division of RELIANCE Electric and Engineering Co. 
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Catalogs and Bulletins continued 


(Q-15) MOTORIZED REDUCERS—Bul- 
letin 3100, 26 pp, has selection tables, 
dimensions, weights, overhung load 
ratings and thrust capacity ratings 
needed to select horizontal, vertical or 
right angle reducers. A foldout section 
contains information on mounting 
positions, low speed shaft connections. 
Falk Corp, 3001 W. Canal Sc, Mil- 
waukee 8, Wis. 


(Q-16) GEARED JOINT — Bulletin 
548, 2 pp, discusses a geared joint 
that will transmit up to 3500 in.-lb. 
in any angle up to 360 deg. A typical 
installation on a remote valve control 
application is shown. Drawings give 
dimensions on all three sizes and in- 
formation on the size of rigid rod or 
flexible shaft that can be used on 
each joint. Stow Mfg. Co., 443 State 
St., Binghamton, N. Y. 


(Q-17) ROLLER GEAR DRIVES—Cata- 
log 105, 20 pp, describes line of gear 
drives for high-speed precision index- 
ing of automatic production machin- 
ery. Tables on load ratings and di- 
mensions for components only and 
housed units are given as well as data 
and instructions for calculation of 
loads, designing an installation and 
selection of a drive. Ferguson Ma- 
chine & Tool Co., P. O. Box 191, St. 
Louis 21, Mo. 


(Q-18) POWER TRANSMISSION — 
Manual, 100 pp, is divided into about 
12 sections, such as: stock sheave di- 
mensions, selection guide, tabular 
data on available drives according to 
speed ratings, design engineering data, 
tabular data on available belts, horse- 
power ratings of belts. Photographs, 
exploded views, engineering drawings, 
curves are used to illustrate informa- 
tion presented. 

The stock selection tables in the 
front of this manual are said to make 
it possible to select sheaves and belts 
in not more than three minutes. Serv- 
ice factors for various types of service 
loads and conditions are provided 
These factors are used to adjust antici- 
pated drive speeds and, in turn, the 
following tables of stock equipment 
are based on revolutions per minute, 
as the basis of selection. 

Engineering aids are also provided 
for designing special drive equipment. 
Formulae permit determination of 
pitch length, center to center distance, 
sheave diameters and other elements 
Worthington Corp., Harrison, N. J. 
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Catalogs and Bulletins continued 


(Q-19) SPEED-REGULATED MOTOR— 
Leaflet SC-5-754, 2 pp, includes di- 
mensioned outline drawings; a speci- 
fication tabulation covering both elec- 
trical and physical characteristics, a 
performance graph showing efficiency, 
governed speed, input ampheres and 
output watts plotted against torque 
output, Dalmotor Co., 1362 Clay St, 
Santa Clara, Calif. 


(Q-20) FLUID CouPLiNGS— Bulletin 
144-D, 14 pp, has drawings, curves, 
tabular data on characteristics, capac- 
ities, construction of these couplings. 
Twin Disc Clutch Co, Dept. DS, 


Racine, Wisc. 


(Q-21) POWER TRANSMISSION 
EQUIPMENT—Catalog GC-101-B, 19 
pp, describes single and multiple 
groove and variable pitch sheaves, 
V-belts, couplings, paper pulleys, key- 
stock, hubs for split bushings, set 
collars, frictions, cast iron pulleys, 
roller chain sprockets, roller chain. 
Browning Mfg. Co., Maysville, Ky. 


(Q-22) SPEED REDUCERS — Catalog 
120, 24 pp, has revised rating tables 
of their herringbone and spiral bevel- 
helical speed reducers. Along with 
tables, there are instructions for choos- 
ing speed reducer needed. Brad Foote 
Gear Works, Inc, 1309 S. Cicero 
Ave., Cicero 50, Ill. 


(Q-23) CHAIN—Catalog, 16 pp, gives 
size, metal thickness, approximate 
links per foot, link width, approxi- 
mate tensile strength and shipping 
weights in tabular form for sash chain, 
sash chain attachments, single and 
double jack chain, safety chain, plumb- 
ers, link chain, navy link chain, fur- 
nace chain, register chain, double loop 
coil chain, ball chain and accessories, 
ladder sprocket chain, single loop 
chain, welded chain, universal chain 
and “S” hooks. Risdon Mfg. Co., 
Naugatuck, Conn 


(Q-24) HERRINGBONE SPEED RE 
DUCERS—Catalog, 160 pp, has quick 
selection tables based on desired ratios 
as well as other application data and 
even several helpful examples of good 
specifying practice. Tables and draw- 
ings provide information on ratings 
and divisions of various types of re- 
ducers. Inquiry and order form, in- 
stallation pictures also included. W. A. 
Jones Foundry and Machine Co., 401 
Roosevelt Rd., Chicago 24, Ill. 
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the 
rigf ТА 
epeed 
О” 
every 
need f 


fractional HP Vari-Speed 
MOTODRIVE 


compact, attractive design 


Within streamlined, metallic blue housing is 
REEVES’ “weatherized” motor, time-tested 
speed changing mechanism, and heat-treated 
helical gear speed reducer. Maximum space 
for vertical model only 1654" x 2115" x 1115 *. 
Other models equally compact. 


simple, accurate operation 


1 4-turn hand wheel on Speedial indicator gives 
you stepless, accurate speeds from 3 to 4660 
rpm’s—within a 2:1 to 10:1 speed range. Elec- 
tric remote or automatic controls also avail- 


able. 


45? г : N : J — Horizontal 
Model 3, * JA ] Model 


— æ 


versatile application 


Select your exact needs from 112 assemblies: 
V4, % or % hp. units; horizontal left or right, 
vertical, or 45° left or right models; horizontal 
or vertical down output shaft. 


Write Dept. KH19-M543 for complete bulletin. 


REEVES PULLEY COMPANY * Columbus, Indiana 
Division of RELIANCE Electric and Engineering Co. 
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design for modern 
high-speed 
production with 
FAWICK... 


E The high-power, high-speed operation of today’s machinery depends 
on efficient power transmission equipment. By specifying FAwICK, you 
get clutches and brakes which have been proven on many of industry's 
most rugged applications—mechanical presses, oil field equipment, paper 
mill machinery, earth moving equipment and others. 

These standard items are available for immediate stock shipment. 
FAWICK also designs and builds special power transmission products to 
meet customer specifications. 

Find out how FAwick products can contribute to the efficiency and 
dependability of your designs. Write or call FAwick today! 


"P 


FAWICK AIRFLEX DIVISION 


FAWICK CORPORATION 
9919 CLINTON ROAD . CLEVELAND 11, OHIO 
IN CANADA: FAWICK CANADA, LTD., TORONTO — MONTREAL INDUSTRIAL CL ES AND BRAKES 
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Quality Gears 


Ler CROFOOT 
BE YOUR 


Crofoot straight Bevel gears coniflex and conventional cut in pitches 
GEAR PRODU CTION from 6 to 72 in all materials. 


U 


ALL TYPES OF PRECISION GEARS 
UP TO 12” DIAMETER 


With the availability of Crofoot Service, de- c d 
sign engineers need not be limited in develop- тт торе ТН 
ing new products or improving existing ones 
simply because their own plant does not have 
facilities to produce gears required. Crofoot 
can effectively serve as the gear manufacturing 
department of any shop in the metal working 
industry. Gears up to 12” diameter in all types, 
produced efficiently, accurately and econom- 
ically. Our engineers are also available to assist 
in gear design. Ask for a "Crofoot" estimate on 
your gear requirements in any quantity. Send 
specifications and blue prints. 


Crofoot spiral gears made from al! materials to precision specifications 
in pitches from 6 to 72 


CHARLES E. CROFOOT 
GEAR CORP. 
SOUTH EASTON, MASS. 


Crofoot special gear cases like this are designed, engineered and Crofoot con offer all types of Worms from 6 to 72 pitch ond con 
manu ي امم‎ in our plant А... for your needs. offer three methods of manufacture: Thread Milled, Ground, Rolled. 
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STANDARD ROLLER CHAINS 


Available in pitches from 36" to 212” 
riveted and detachable type. 


т 


ve Cable Chains are furnished in a 
or 


TU 
ИШИ, 


CABLE CHAINS 


ty of pitches, widths and strength. 


STANDARD MULTIPLE WIDTH 


M 


tiple widths of six strond or wider 


able for special application. 


DOUBLE PITCH CHAIN 


e in slower speed power transmission 
oterial handling conveyors. 


SPROCKETS 


Acme Sprockets are 


o 


vailable in a wide 


range of sizes, in 


all 


types 


72 of chain data... 


uses and modern applications of all 
types of chain and sprockets. Com- 
plete listing of A.S.A. standard roller 
chains and sprockets. Indispensable 
reference for engineers. 

Write immediately for your FREE copy! 


Address is ACME CHAIN Corp., Dept. H, 
Holyoke, Mass. Pbone JEfferson 2-9458. 


HOLYOKE 
MASSACHUSETTS 


| Catalogs and Bulletuns 





continued 


(Q-25) MANGANESE STEEL CHAIN 
— Bulletin, 8 pp. Photographs of each 
type of chain are accompanied with 
detailed drawings and tables giving 
complete specifications, Taylor-Whar- 
ton Iron & Steel Co, High Bridge, 
N. J. 


(Q-26) GEAR MOTOR REDUCERS— 
Supplement to Catalog 47-C, 4 pp, 
describes 35 sizes of 10:1 to 1200 
ratio range and from 34 to 75 hp. 
Rating tables, dimensions, prices in- 
cluded. D. O. James Gear Mfg. Co., 
1140 W. Monroe St, Chicago 7, Ill. 


(Q-27) WORM GEAR MOTORS— 
Catalog 46-C, 67 pp, describes units for 
horizontal or vertical drive, with ratio 
range of 5.66:1 to 100:1 and from 
ув to 30 hp. Rating tables, dimen- 
sions, prices are included. D. O. James 
Gear Mfg. Co., 1140 W. Monroe St. 
Chicago 7, Ill. 


(Q-28) TRANSMISSIONS—Catalog, 38 
pp, contains tubular data for select- 
ing multispeed transmission, such as 
load, torque rating input rpm, output 
ratio. Turner Uni-Drive Co, 3416 
Terrace Sc, Kansas City 8, Mo. 


(Q-29) POWER TRANSMISSION BELT 
—Brochure 6638, 8 pp, contains de- 
sign characteristics of this single, end- 
less belt with molded lengthwise ribs. 
Raybestos - Manhattan, Inc., Passaic, 
N. J. 


(Q-30) FHP ADJUSTABLE SPEED 
Drives—Bulletin FA52, 8 pp, con- 
tains photographs, charts, graphs and 
line drawings, detailing fundamentals 
of operation, capacity of units avail- 
able, mechanical construction features, 
control. Eaton Mfg. Co., Kenosha, Wis. 


(Q-31) MECHANICAL POWER TRANS- 
MISSION—Catalog B20-53, 8 pp, de- 
scribes and illustrates silent chain and 
roller chain drives, sprockets, cable 
chains, drive shafts, couplings and 
clutches. Specifications, stock sizes, ap- 
plications are included. Morse Chain 
Co., 7601 Central Ave., Detroit 10, 
Mich. 


(Q-32) VARIABLE SPEED DRIVE— 
Bulletin 497, 8 pp, describes single 


. wide-range belt variable speed drive. 


Shows how to design and select drives 
for 1 to 20 hp motors. Dimensions 
and list prices are included. T. B. 
Wood's Sons Co., Chambersburg, Pa. 
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...CUf costs; improve product quality! 


HERE is no finer recommendation for the quality of the product 

you make than to be able to say it is “EQUIPPED WITH 
FAIRFIELD GEARS!” For thirty-five years, Fairfield has been one 
of America’s largest independent producers of accurate, automotive 
type gears for leading builders of industrial, construction, agricultural, 
marine, and automotive equipment. 


Fairfield's facilities are unexcelled. Here “under one roof” at Fairfield 
in a new, ultra-modern plant is everything needed for producing fine 
gears — metallurgical department, batteries of the most modern 
machines, testing laboratories, complete heat-treating facilities — 
all operated by skilled craftsmen working under expert engineering 
supervision. 

If you use GEARS in the product you build, we believe it will pay you 
as it has others to check with Fairfield on all of your requirements. 
Fairfield offers (1) Mass Production Economy, (2) Unexcelled Quality, 
(3) Dependable Service, (4) Expert Engineering Recommendations. 
YOUR INQUIRY WILL RECEIVE PROMPT ATTENTION. 


Daa 2 


2345 South Concord Rood * Lafayette, Indiana 


— UU sues 
Fine Gears Made to Order 


SPUR GEARS-— Straight, helical, and internal. HYPOID—Sizes from 12” to 28" dia 
Sizes from 16 pitch, 114" dia., to 1% pitch, — 26ROL .— Sizes from 16 pitch, 1/4" dia., to 
36” dia. 1% pitch, 21” dia. 
ASK FOR HERRINGBONE — (Fellows Type). Sizes from WORMS & WORM GEARS — Worms to 7” 
INTERESTING әй « peda ; sui dia. Worm gears to 36" dia. 
SPIRA EL — Sizes from 16 pitch, 1/4" — SPLINED SHAFTS—Lengths to 52". Diameters 
ILLUSTRATED dia., to 1% pitch, 28” dia. from 1” to 6”. 
BULLETIN STRAIGHT BEVEL—Sizes from 16 pitch, 1/2" DIFFERENTIALS — 10,000 to 300,000 inch 
dia., to 1% pitch, 28° dia. pounds capacity. 


Note: All of the sizes above ore approximate. 
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m uude) 3 
VARI ABLE 


20 HorseP 
For old 9! new 


NEMA Motor 


ROTO-DRIVE 3 


Speed variation up to 8 to 1. 

Mounts in any position. 

No adjustable motor base. 

Operates on fixed centers. 

LOW COST—Saves 40% compared with 
conventional motordrives. 


Offers up to 4 to 

1 speed varia- 

tion, 

V to V drive. 

Exclusive design permits V-belt to 
travel on fixed center line. 

Easily installed. HP ranges fractional 
through 20. 


VAR'A’ CONE: 


For frac- 
tional HP re- 
quirements. 
Uses ‘‘A’’- 
section 
V-belt. 


Up to 2% to 1 speed ratios. 

List price low as $5.40. 3 sizes. 

An efficient and low cost method of 
adding variable speed. 


Complete selection standard variable 
speed belts, standard and countershaft 
adjustable motor bases, companion 
sheaves, and flexible couplings. 


Write for 30-page Catalog 


(Ск. со». 


Northbrook, 111. 


A Suburb of Chicago) 


Dept. PE-12 
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FOR FAST HELP 


DESIGN PROBLEMS 
. . . consult the 


PRODUCT INDEX 


of this 
HANDBOOK ISSUE 


(Begins on Page 12) 


Every product adver- 
tised in this issue is in- 
dexed there for ready 
reference. 


Among them may be 
exactly what you need 
right now. 


The advertisements for 
all these products will 
give you many useful 
ideas ... and more infor- 
mation is quickly avail- 
able from each adver- 
tiser. 


To get any additional 
facts you want, use the 
handy post cards in front 
of this issue, or the cou- 
pons you'll find at the end 
of each HANDBOOK 
ISSUE Section. 








П 


Power 
Transmission 
Equipment 


© Economical In Cost 
* Easily Installed 


* Maintenance-Free 


Flexible Couplings: 

No lubrication required. Quickly installed. 
Easily replaced. Cushions are reversible 
—can be changed or reversed without 
shutdown. Fractional to over 2400 hp. 
Light, medium or heavy duty. 


Variable Speed Pulleys: 

Quickly installed on new or old equip- 
ment. Change speed while machine is run- 
ning. Ratios to 3 to 1. Fractional to 15 hp 


Select-O-Speed Transmissions: 
Economical as compared to other varia- 
ble speed transmissions. instant adjust- 
ment over wide range of speeds. Hand 
wheel or lever control. Ratios to 10 to 1. 
Fractional to 5 hp. 


Universal Joints: 
Precision ground. Finest alloy steel. No 
binding, backlash or end play. 13 sizes, 
fractional to 207 hp. Bores V4 to 2 in. 
Lengths 2 to 1054 in. 


Types and Sizes for All Applications. 
Get full information today. 


Request catalogs. 


LOVEJOY FLEXIBLE COUPLING CO. 


4964 W. Lake St., Chicago 44, Illinois 
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PIT — — M — | — Applications of a Mercury automatic 


ТТ | -- | clutch (with exclusive VelveTorque 


dick anil | D- 1-0 4 LI action) are practically unlimited. The 

| | | | BAe advantages of Mercury's newly de- 

Serer | Ж | signed clutches in product improve- 

t ——— +- ment plus low initial cost and economy 

of installation get every design off 
to a good start. 


Mercury engineers will be happy to 
work with you in solving design prob- 
lems with an eye toward improving 
product quality and versatility using 
Mercury automatic or manual clutches. 
Send us your prints or call us in for 
detailed recommendations. 


“Phe f STARE Ñ of a good DESIGN 


Mercury Model 305 for 
Electric Motors up to !/, H.P. 
* Air Conditioning 

* Blowers 

* Appliances 

* Materials Handling Equipment 
* Pumps 

* Washing Machines 

* Power Tools 

* Clothes Dryers 

* Vacuum Cleaners 

* Dish Washers 

* Painting Equipment 

* Power Accessories 


Mercury Model 407 for 
Gasoline Engines up to 3!/, H.P. 


* Chain Saws 

* Garden Tractors 
* Power Mowers 

* Midget Autos 

* Golf Buggies 

* Conveyors 

* Mixers 

* Farm Machinery 
* Mobile Refrigerators 
* Lift Trucks 

* Pumps 

* Compressors 


A Complete Line of 


Automatic and Manual Clutches 


MERCURY 
I3 LI CLUTCH 


> + 


f 


— — — — — — e- e باس‎ + ра —-— تات‎ 


MERCURY cturcH DIVISION of Automatic Steel Products, Inc. 


I | | 261 Camden Ave., S. W., Canton 6, Ohio 
- — — — — -— + ag + — 3 
{ t I Г +5 f і | { . 
Lb d ] LE E F E: E i 1-9 Tid - 
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for 
E ДИ; 
here S 
users 


the 


—— 0 


answer to — 
low-cost 
power transmission... 


Write today for the first really Engineered 


approach to ers — of supplying custom 
sprockets ‘off-the-shelf 3 


Grip-Mfas 


^cullman 


POWER TRANSMISSION 
ROLLER CHAINS AND SPROCKETS 


POSITIVE DRIVE DURING 
NORMAL OPERATION? 


POSITIVE LOCK IN ANGULAR 
POSITION AT POWER CUT-OFF? 


You Get Both with the: 
MORTON Smith-Nobak Device 


ENGINE 
OR 
MOTOR 


00 OU 
TE 


Driving Shaft Driven Shaft 


The Smith Nobak Device permits power unlocks the device instantly 
both shafts to rotate simulta- The device is finding numerous 
neously. When power stops, the uses in automation, aircraft control 
device prevents further rotation of mechanisms, hoists, transfer tables, 
the mechanism either from the conveyors, punch presses, printing 
initial inertia force or from an presses, and wherever a positive con- 
external force applied from any- trol of angular position is required. 
where except the original source It is especially adaptable for feeds 
The driven shaft is locked in into presses and boom hoists of 
position to prevent its rotation derricks. Load ratings from 50#in 
in either direction. Application of to 2600#in. are available 


4-page bulletin and technical data available on request. Specific 
recommendation will be sent you on receipt of your requirement 


MORTON BEARING COMPANY 


817 Wildt Street Ann Arbor, Michigan 
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Catalogs and Bulleuns continued 


(Q-33) POWER TRANSMISSION AND 
MATERIALS HANDLING—Catalog 950, 
340 pp, describes chains and sprockets 
for conveying, elevating and power 
transmission, gear drives of various 
types, ball and roller bearings and 
accessories, pulleys, clutches and cou- 
plings, screw, belt, and oscillating con- 
veyors and bucket elevators. Stock 
products are readily identified, with 
listings of pre-selected assemblies and 
capacity charts and dimension tables. 
Link-Belt Co., 307 N. Michigan Ave., 
Chicago 1, Ill. 


(Q-34) VARIABLE SPEED LIQUID 
Drive—Booklet, 8 pp, has a table 
of capacities dimensions and other 


data. Liquid Drive Corp., Holly, Mich. 


(Q-35) VARIABLE SPEED MOTOR 
CONTROLS—Brochure, 8 pp. Tells 
how grid-controlled, full or half-wave 
rectifiers are used to operate and 
control d-c motors from an a-c power 
source. Electro Devices, Inc., 4-6 God- 
win Ave., Paterson 1, N. J. 


(Q-36) WORM GEAR SPEED RE- 
DUCER—Bulletin HW-654, 8 pp. 
Tables and engineering drawings pro- 
vide dimensions, shaft arrangements, 
ratings, overhung loads, torques of 
Series C reducers. Winsmith, Inc., 
Springville, N. Y. 


(Q-37) FHP VARIABLE SPEED 
Motor. Drive—Catalog M-543, 22 
pp, contains descriptions and listings 
of operating features and controls, in 
stallations, instructions on how to se- 
lect the proper unit, prices and ratings, 
dimensions and assemblies, standard 
modifications and accessories. Reeves 
Pulley Co., Columbus, Ind. 


(Q-38) MULTIPLE V-BELTS — Bro- 
chure includes recently approved 
horsepower ratings by the Rubber 
Manufacturers Association and the 
Multiple V-Belt Drive & Mechanical 
Power Transmission Association. Also 
contains a comprehensive explanation 
of the fundamentals of V-belt design. 
Selection data on this producers line 
of steel cable V-belts is | provided 
Goodyear Tire & Rubber Co., Akron 
16, Ohio. 


(Q-39) Motor SPEED CONTROL— 
Bulletin, 4 pp, describes unit available 
for motors of !45 to 115 hp. General 
Radio Co., 275 Massachusetts Ave., 
Cambridge 39, Mass. 
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THE HILLIARD LINE OF 


* 
* SINGLE REVOLUTION* 


USE: Rivet machines, snap fastener machines, shears, staplers, 
bottling machinery, cut-off mechanisms, indexing and feeding 

uipment, packaging processes or wherever controlled inter- 
mittent motion is necessary from a continuously rotating source 
of power. 


SPECIFICATIONS 


Made in 2 types and 11 standard sizes plus special designs to suit 
particular applications. 

Smallest standard size—1-13/16" diameter x 1-13/16" shaft length. 
3/8" bore, 1/20 H.P. (à 100 r.p.m., 2.8 foot pounds torque normal 
rating. Speed up to 275 r.p.m. under certain conditions. 

Largest standard size 17.1/2" diameter x 17-5/8” shaft length. 
bore up to 4-15/16", 176 H.P. @ 100 r.p.m., 9240 foot pounds 
torque normal rating. Approximate maximum speed 65 r.p.m. 
Write for Bulletin 239 if you need further information. 


USE: to protect speed reducers or gear trains against destruc- 
tive overload, to reduce shock in door opening and closing 
mechanisms, as a safety feature where a machine is subject to 
jamming or to limit the torque in any drive. 


Also to provide constant tension with varying speed as in a 
reeling or winding application. 


SPECIFICATIONS 


Made in 15 types and 11 sizes. The torque transmission of all slip 
units is adjustable and some models can be adjusted while in 
operation. 

Smallest clutch (light series)}—2-3/8" diameter x .-3/4" shaft length. 
1/2” or 5/8” bore, 9 foot pounds torque maximum capacity. 
Smallest clutch (regular series}—5-3/4" diameter x 4-3/4” shati 
length, 3/4", 1”, or 1-1/4" bore, 38 foot pounds torque capacity. 
Largest clutch—27" diameter x 31-3/8”" shaft length, bore up to 
8", 24600 foot pounds torque capacity. 

For a complete description, request a copy of Bulletin 300. 


Clutches and Couplings 


* OVER-RUNNING * 


USE: Dual drive, two speed drive or standby drive on boiler 
stokers, blowers, induced or forced draft fans, dry cleaning 
machines, ventilating fans and similar equipment. 

Also for ratchet feed on presses or automatic back-stop on con- 
veyors or to permit free rotation when the driver slows or stops 


SPECIFICATIONS 


Made in 7 types and 15 standard sizes plus special designs for 
specific installations. 


Smallest standard size—1-13/16" diameter x 1-25/64" shaft length. 
3/8” bore, 1/20 H.P. @ 100 r.p.m., 31.5 inch pounds torque normal 
rating. 

Largest standard size—25" diameter x 16-7/8" shaft length 
7.15/16" maximum bore, 394 H.P. @ 100 r.p.m., 20694 foot pounds 
torque normal rating. 


Ask for Bulletin 231 if you want additional comprehensive data 


e. CENTRIFUGAL ° 


AUTOMATIC CENTRIFUGAL 
CLUTCH COUPLING 


Improves starting conditions and provides smooth acceleration 
on drives for high inertia equipment such as ball mills, hammer 
mills, mixers, pulverizers, tube mills, etc.; prevents excessive 
torque transmission during starting of textile machinery, wire draw 
ing machinery, conveyors, etc.; prevents torsional resonance on 
internal combustion engine drives, particularly to compressors 
generators, eic.; provides automatic coupling on emergency and 
dual drive systems; provides overload protection and has 
exceptional ability to compensate for all types of misalignment 
Operating mechanism requires no lubrication. 

Made in a large number of sizes and several different types to 


cover an extensive range of requirements. 
Write for Bulletin CE-3 for additional information. 


HILLIARD CLUTCHES AND COUPLINGS ARE 
EXCELLENT FOR ALL CLASSES OF INDUSTRIAL MACHINERY 


ALL PRODUCTS OF THE HILLIARD CORPORATION ELMIRA, NEW YORK 
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Solve Your Misalignment Problems With 


DYKMAN Sphere-Gear FLEXISLE COUPLINGS 


(Barcus Patent 2303813) 


Floating sleeve carrying internal gears 
which permanently engage the Sphere- 
Gear teeth of the hubs. 

2 Hubs with generated Sphere-Gear. 


3 Oil seal of flexible synthetic material im- 
pervious to oil. 


Clearance between hubs to allow for end 
play of shafts. 


Gasket between flanges to insure oil- 
tight veal. 


Bolt holes counterbored, leaving no pro- 
jections. 


7 Oil hole with safety setscrew. 
8 Cushion washer, 
This coupling is DIFFERENT. Hub teeth are generated on a segment of a sphere. When 


engaged with the annular teeth, it is possible to maintain uniform velocity even when the 
coupling is operating at 4^ angular misalignment. 


AVAILABLE DESIGNS 


FLOATING SHAFT e HANGING LOAD e MARINE e AIRCRAFT e SHEAR PIN e 
FLANGELESS e SINGLE ENGAGEMENT e SPECIAL DRIVE ASSEMBLIES 


Write for brochure describing these problem-solving couplings. 


DYKMAN MANUFACTURING CORP. 


320 Broadway, New York 7, N. Y. 


XY TM S? 


ле. — ——— = а" 


` IMPROVED 


X-458 DESIGN 
Has Greater Strength — Same Weight 


For years a standard for continuous overhead conveyors, the 
improved X-458 rivetless chain provides even greater flexi- 
bility for vertical bends, and greater strength without in- 
crease in weight. This was effected by adding a web at 
center of side link and revising the radii of certain bear- 
ing surfaces. X-458 chain is drop-forged, heat-treated, 
with ave. ult. strength of 50,000 Ibs., and weight of 
3.125 lbs. per ft. Wilmot lists the largest choice of 
rivetless chain sizes. Any one will interchange with 
the same number of any other chain. 


Sead for 24S - pg. Wilmot Chain Cat 








E If you need effective, highly Ж 
€ readable, smartly illustrated Ж 
= company literature (booklets, % 
f= pamphlets, manuals) to display : 
E: your products, inform the public 3X 
I of your operations, attract Key $ 


* personnel to your plant, and per- : 
$ form any of the other communi- Ж 


p 


: cative functions vital to your 2 


= business, let TECHNICAL WRIT- 3 


ING SERVICE do the job for you. 3 


WRITING « EDITING ғ 


ILLUSTRATING 
PRINTING 


t We produce your publications, to 4 


Z BROCHURES • 
= HISTORIES • 


and other such special material. 


your specifications. We give com- @ 


EE plete service—from research and 2 


| 3 planning through writing, design, 4 


and printing. Let our staff be ; 


E* your staff. It will save you time $ 
E and money. 


— We Prepare — 


F EQUIPMENT MANUALS 2 


# HANDBOOKS • 
C. BULLETINS « TRAINING AIDS 


PRODUCT 3 


PAMPHLETS e REPORTS 


COMPANY 
PARTS LISTS 


Write e Phone 
TECHNICAL WRITING SERVICE 
McGraw-Hill Book Co., Inc 


330 W. 42nd St., N. Y. 36, N. Y 
LOngacre 4-3000 
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Catalogs and Bulletins continued 


(Q-40) CHAIN Drives — Catalog 
C72-51, 16 pp. Operating principles 


and test data are included for drives 


chat will carry up to 190 hp per inch | 
of chain width at continuous chain | 
speeds up to 6,000 fpm. Specifications | 


and capacity curves are included for 


standard 34, 1, 114, 114 and 2-in. | 


pitch chain from 2 to 12-in. wide. 
Installation and lubrication recom- 
mendations are also included. Morse 
Chain Co., 7601 Central Ave., De- 
troit 10, Mich. 


(Q-41) SHAFT-MOUNTED DRIVES— 
Bulletin 7101, 8 pp, contains design 
and other engineering data on this 


standard gear drive. Falk Corp., 3001 
W. Canal St., Milwaukee 8, Wis. 


(Q-42) RIGHT-ANGLE GEAR DRIVES | 


—Catalog 4 pp, lists specifications for | 


both sizes of drives: the !4 hp unit 
and the 1 hp unit. These two basic 
models meet the requirements of vir- 
tually all applications for right-angle 


gear drives. Both are strong enough | 
for use with either manual or power- 


operated systems. Airborne Accessories 
Corp, 1414 Chestnut Ave, Hillside, 
N. J. 


(Q-43) VARIABLE SPEED REDUCERS | 


—Leaflet, 2 pp, has tables giving 
ranges of speed reductions for two 
models designed for use with 14 to 2 


hp motors. V. S. Expansion Bolt Co., 
York, Pa. 


(Q-44) BELT DnivEs— Bulletin 2098, | 


Á pp, describes a type of belt drive in 
which, in effect, multiple "V"-belts 
have been molded as a single unit as 


a wide belt with "V"-shaped grooves. 
Browning Mfg. Co., Maysville, Ky. 


(Q-45) VARIABLE SPEED MOTOR 
PULLEYs—Catalog, 22 pp, contains 


construction details, lubrication, con- 
trols available, instructions on how to 
select the proper unit, complete rating 


tables and dimensional diagrams. | 


Reeves Pulley Co.; Columbus, Ind. 


(Q-46) STEEL CHAIN—Bulletin, 4 


pp, has data on chain for load bind- 
ing and tie-down, agricultural imple- 
ments, towing, tail-gates, logging, rail- 


road use. Also includes specifications | 


and working load limits for alloy steel 


chain especially manufactured for lift- | 


ing purposes. Joseph T. Ryerson & 


Angular toleranc 


UANTITY OUTPUT at 
the Mechanical Division 
of General Mills is held 
to tolerances 1n this 


range (.0002 total com- 
posite error). 

es are held to - 
minute of arc (total accumulative error 


on production runs. 


Individual gears or complete assembled trains— 


General Mills can produce them for you with a pre- 
cision that's unsurpassed anywhere. Many of our 
gear-making machines—hobbers, shapers, shavers, 
bevel gear generators— were specially built to our 


standards of precision or rebuilt by us to do finer 


work than the original designer visualized. 


Special inspection devices, many of our own de- 
sign, maintain precise standards on high-volume 
work. In addition, our gear assembly specialists are 


experienced in selecting and matching gears into 


trains with virtually imperceptible backlash. 

We'd like to quote on your special gear require- 
ments. Write, wire or phone: Mechanical Division of 
General Mills, Dept. PE-1, 1620 Central Avenue, 
Minneapolis 13, Minn. GRanville 8811 


ILLUSTRATED BOOKLET gives full details of 

the facilities, personnel and experience available 

ъ- to you at the Mechanical Division of General 
` E Î Mills. Write for your free copy. 


Son, Inc., Box 8000-A, Chicago 80, Il. | MECHANICAL Division of General Mills, Inc. 
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FUNK -ombo 
| power UNITS 


POWER 
ACCUMULATORS 


Combines the power of two 
small low-cost engines. An 
unlimited number of ar- 
rangements of these Combo- 
Power Units can be made, 
including Power Dividers and 
Side Load Take-Offs. 


REVERSING UNITS 


Planetary action 


clutches for 


FUNK TORQUE CONVERTERS 


Funk offers a diversified line of torque 
converters. Compact short-coupled units. 
Fit SAE flywheel housings. Standard 
flanges easily adapt gear reductions, 
right angle drives or transmissions and 
other equipment. Send your power prob- 
lems and our engineers will be glad to 
recommend a suitable unit. 


RIGHT ANGLE DRIVES 


Heavy duty, high torque type. May be 
mounted in up, down, right or left posi- 
tion. Other types of right angle drives 
also available. All easily combined with 
various transmissions. 


fast, 


smooth reversals without stopping the 


power train. Several types available. 


STANDARD POWER TAKE-OFFS 


For Engines Up To 90 H.P. 


Three standard models for 50, 75 and 90 H.P. 
engines with SAE flywheel housings. Equipped 
with standard flanges for easy adaption to other 
equipment. Standard units usually delivered in 
one week or less. 


GEAR REDUCTION POWER TAKE-OFFS 


Three standard models: 4”, 434” and 612” gear 
centers. For 50, 75 and 90 H.P. engines with SAE 


flywheel housings. 


Wide selection of standard 


ratios. Made with standard flanges for easy adap- 
tion to other power conversions. FEATURES 
EXCLUSIVE STRADDLE MOUNTED PINION. 


WRITE FOR CATALOG OF OUR COMPLETE LINE 


FUNK AIRCRAFT CO. 


Send Us Your 
Power Transmission Problems 


ЕЗ2 


3313 Airport Drive 
Coffeyville, Kansas 


GET THE FACTS ABOUT 


SPEED REDUCERS... 


—'15 ty pes and sizes—spur, worm and 
combination—ratings from 

1/50 to 168 hp... . ratios up to 
10,000 to 1. Specials to order. 


GEARS...—no stocks — 


96 pitch to 5/7 D. P.— !4* 
P. D. to 18" P. D.—custom cut from 
any gear material. 


THIS 


424 


DATA-PACKED 
96 PAGE POCKET-SIZE 
CATALOG 


GIVES YOU 
VALUABLE TECHNI- 
CAL INFORMATION 


» Yours FREE on request. 
Write today. 


LE" ^ s 
М‘, f Gears and Speed Reducer 


CHICAGO 50, ILLINOIS 


4824 WEST 16th STREET «+ 


Made to Your 
Specifications 


You and we can form a 
team—you to draw up 
the specifications; we to 
make the gears — that 
will be profitable to 
| both if us. Gears of all 
| types, all sizes, all 
| materials. Design-engi- 
| neering service available. 


Custom Gears 
Exclusively 


DIEFENDORF GEAR 
CORPORATION 


Syracuse 1, N. Y. 
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Catalogs and Bulletins continued 
(Q-47) CANTILEVER SHAFT COU- 
PLINGS—Bulletin 28, 4 pp, illustrates 
and describes couplings rated from 
34 to 1500 hp. Included is a list of 
available sizes with dimensions, 
weights and safety factors for use with 
various types of equipment. Brown 
Engineering Co., 23 N. 3 St., Reading. 
Pa. 


(Q-48) GEARS AND REDUCERS—Bul- 
letin 789-54, 4 pp. Condensed chart 
gives typical horsepower ratings at 
pinion speeds of 100 and 1750 rpm 
and weights of units from 2 to 18 in. 
center distance. Michigan Tool Co. 
7171 E. McNichols Road, Detroit 12, 
Mich. 


(Q-49) PILLOW BLOCKS AND FLANGE 
BEARINGS— Bulletin РВ-54, 34 рр, 
contains sketches, photographs and en- 
gineering drawings together with com- 
plete specifications for bore sizes from 
L5 through 11⁄4 in. Tan Corp., De- 
troit, Mich. 


(Q-50) UNIVERSAL JOINTS—Catalog 
8 pp. Graps show test curves from 
tests on production joints. Engineer- 
ing and purchasing data for all stock 
sizes are grouped in a chart. Table of 
sizes of square hole and keyway 
broaches which manufacturer has on 
hand is included. Curtis Universal 
Joint Co., 11 Birnie Ave., Springfield 
7, Mass. 


(Q-51) Mutti-V Bett Drives— 
Handbook, 76 pp, contains a guide to 
the design of standard and high-capac- 
ity drives. New horsepower rating 
tables that are included are said to 
closely approximate actual operating 
conditions. The tables cover speed 
ratings from 100 to 6,000 fpm. Other 
subjects covered in the new handbook 
include: selection of correct multi-V 
drives, installation and care, principles 
of design, selection of pre-engineered 
drives, designing a standard drive not 
in pre-engineered tables, designing 
V-flat drives, multi-V quarter turn 
drives and double-V belt drives. A 
multi-V belt drive calculation sheet 
is also included. A series of 22 sim- 
plified tables cover such aspects of 
V-belt engineering as installation and 
takeup allowance, belt speeds, length 
correction factor, calculation of center 
distance and a geometry chart for 
drives. Other tables are devoted to 
pre-engineered drives calculated with 
stock sheaves and stock sizes of V belts. 
B. F. Goodrich Co., Akron, Ohio. 
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Our vast experience 
in engineering and 
manufacturing BALL SCREWS 
is available to you 


WM | 


Guaranteed 
90 


Efficiency 


p, 


| [| МАИ К ШШ 
EEE 


* v 


— 
e 


The Ball Screw employs a stream of rolling balls to 
eliminate drag and wear in converting rotary twist to 
linear push or vice versa. But behind this design, which 
is rapidly replacing the Acme type screw and which in 
many applications is superior to hydraulic and pneu- 
matic systems, there must be the engineering know- 


how to apply it to your product. 


WRITE OR CALL FOR OUR FOLDER ON 
DESIGN STANDARDS & LOAD CAPACITIES 


Whether you are looking 
for another Ball Screw 
source, seeking to improve 
your product design, or en- 
gineering a new product, 
our engineers are available 
as design consultants. Call 
on us. 


Drecision 
Droducts 


H INC. 
a CLAWSON, MICH. 
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BOND is the word for. ATLAS н a cid 
... SPEED REDUCERS UNIVERSAL JOINTS 


that outlast the field 


When you are specifying make 
of speed reducers to be used 
on the machines you design. 
here's a fact to keep in mind. 
Bond Speed Reducers are en- 
gineered and built to give 
extra years of satisfactory 
service—and their performance 
records prove it! Some of the 

Bond Speed Reducers now in - SEEN 
service have been on the job | 

8 hours a day for nearly 20 JAWS 
years. 


... FLEXIBLE COUPLINGS 
that live a Double Life 


BONDTRU ALLOY 2-13/16" 
Al ed, A E i STEEL 3-3/16" 
| TS A FITTED 51/4" 
i А 5-1/4" 
IN AT c PLINGS Ж z 
SULATED COU TO YOUR 6 
When the BONDTRU Cou- 1 EXACT 7-3/4" 
pling is operating in one — * A 
direction only, every sec- 7а T NEEDS 
ond arm oí the insert car- 
ries a load, while the others 
serve to prevent backlash. The BONDTRU Coupling 
When, through long use, can be adapted with com- 


STANDARD ATLAS UNIVERSAL JOINTS 
15 Sizes Available from Stock 


А © D 
Outside Depth of Overall 
Diameter Hole Length 


3/4" 

BALANCED 7/8" 

DESIGN-- xa, 

NO VIBRATION уе 

1-1/2" 

GREATER wide 
STRENGTH 2° 


Features... 





Dimension '"B' or diameter of shaft should 
not exceed 60% of joint diameter “A” 
QUOTATIONS AND DETAILED CATALOG ON REQUEST. WRITE! 
THE GRAY & PRIOR MACHINE CO. 


623 WINDSOR ST. HARTFORD. CONN U. 5. A. 


the load-carrying arms be- 
come worn, the insert is 
moved up one position— 
putting into use the other 
set of arms which are un- 
impaired. 


plete satisfaction to prac- 
tically any application re- 
quiring a flexible connect- 
ing medium to transmit 
l4-hp. up to 100-hp. at 100 
rpm. 





... STOCK GEARS that 


save time and money 


When a machine is equipped with Bond 
Stock Gears, there’s no waste of time 
when a replacement is needed—no ex- 
tended loss of production time waiting 
for a replacement to be made to order. 
The replacement can be obtained 
quickly—OUT OF STOCK —from the 
nearest Bond Distributor. Since absolute 
uniformity is a recognized characteristic 
of Bond Stock Gears, you can be sure 
the gear delivered will always be inter- 
changeable with the one to be replaced. 


STOCK GEARS 
SPROCKETS 
PINIONS 
RACKS — SPEED REDUCERS 
(8 FLEXIBLE COUPLINGS 
AND RELATED PRODUCTS 


Carried in stock by 
DISTRIBUTORS IN PRINCIPAL CITIES 


Consult your local Classified Directory 
or write to 


CHARLES BOND COMPANY 
617-23 Arch Street, Philadelphia 6, Pa, 


E84 





GEARS 
RACKS 
SPROCKETS 


We've got the men 
and the machines to 
handle your special 


requirements in Gears, " 
Racks and Sprockets. ~ 
Write, wire or phone = 1 


for prompt quotation. — 


E. B. SEWALL Manufacturing Company — Midway 5-7721 
704 Glendale Street, St. Paul 14, Minnesota 
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Catalogs and Bulletins co... aued 


(Q-52) CLUTCH COUPLING UNITS— 
Brochure, 4 pp, gives dimensional 
data, service factors and all other ap- 
plication engineering data necessary to 
specify the right clutch-coupling unit, 
Formsprag Co., Van Dyke, Mich 


(Q-53) FLEXIBLE SHAFTS AND COU- 
PLINGS— 3£5494, 16 pp, contain in- 
formation relating to the design and 
use of flexible shafts and couplings, 
broken down according to topic head- 
ings. Included is a table of the physical 
properties of 24 different flexible 
shafts ranging in size from V$ to 2$ 
in. A similar table lists 29 different 
flexible shaft casings. Illustrated also 
in full scale are over 30 standard 
flexible shaft couplings and assemblies 
and over 100 components, including 
terminal fittings, casing ferrules, and 
nuts. Kupfrian Mfg. Co., 137 Prospect 
Ave., Binghamton, N. Y. 


(Q-54) SPEED REDUCERS — Catalog 
CHW-654, 7 pp, gives complete di- 
mensional drawings and horsepower 
and torque ratings for each size cur- 
rently available. Winsmith, Inc, 11 
Eaton St. „Springville (Erie County), 
N. Y. 


(Q-55) AiIR-ACTUATED CLUTCH— 
Bulletin 304, 4 pp. describes perform- 
ance characteristics of the Model PO 
Clutch, for installation on equipment 
in oil fields, on cranes and shovels, on 
presses and brakes, hoists and paper 
mill drives. Twin Die Clutch Co., 
Racine, Wis. 


(Q-56) BALL-BEARING SWIVEL Fit- 
TINGS—Bulletin FS-107, 4 pp. Small 
size high-pressure and high-tempera- 
ture ball-bearing swivel fittings rang- 
ing in size from 2$ to 1 in. and for 
working pressures of 6,000 psi at 225 
F to 1,250 psi at 750 F are described. 
Construction and application, dimen- 
sions, specifications, weights, sectional 
drawings and various types of packing 
for steam, hot water, oil, liquefied 
petroleum gases and chemicals are in- 
cluded. Emsco Mfg. Co., P. O. Box 
2098, Terminal Annex, Los Angeles 
54, Calif. 


(Q-57) ROLLER GEAR Drives—Cata- 
log 105, 21 pp, presents typical ap- 
plications, calculation of load require- 
ments, dimensions and capacities of 
4, 6, 8, 12, 16, 18-stop models. Fer- 
guson Machine & Tool Co., Inc., P. O. 
Box 191, St. Louis 21, Mo. 
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Cross-sectional views and di- 
mensions as shewn on this 
clutch page provide helpful in- 
formation in making selection 
of the proper unit. 


| New help in solving 
Q transmission problems 


This new Stearns magnetic brake and clutch Bulletin 
226-D provides a ready reference for figuring the right 
transmission equipment for your machines. Free for the 
asking, it's packed with facts, figures and diagrams on 
dimensions, capacities, horsepower and torque ratings 
on Stearns magnetic clutches, brakes and clutch-brake 
combinations. 

Get your copy now. Just send a postcard requesting 
Bulletin 226-D or fill in the handy coupon. Extra copies 


available for your associates. No cost. Just state quantity. 
1066 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS 4s MAGNETS 


STEARNS MAGNETIC, INC. 631 S. 28th St., Milwaukee 46, Wis. 
———————ÓÓ P 
Please send me copies of new Stearns Bulletin 226-D 
Name Title 
Company 
Street Address 
City Zone State 
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e NYLON GEARS 


CAN SAVE YOU UP TO 00 0 
ON GEAR COSTS..... 


OR over a decade we 

have been manufacturers 

of fine pitch gears. In this we 

are serving some of Amer- 

ica's most particular users 

. of precision and commercial 


— — 


DURABLE Now we have added a com- 

e pletely equipped depart- 

EFFICIENT ment for producing Nylon 
* 

NEED LESS Gears. Because of our past 

LUBRICATION experience and our facilities, 

* we are a logical source for 

Nylon Gears. We can mold 

large quantities at savings 

up to 90%. We can cut small- 

er quantities from molded 

blanks at definite savings. 

We can produce experimen- 

tal work cut from Nylon bars. 


A Nylon Gear can mate with a 
metal gear—we can make 
both—and be responsible for 
the performance of both. Ben- 
efit by our KNOW HOW to 
SHOW HOW Nylon Gears can 
be adapted to your use. 


103 


When you think of gears . . . in onv material . . . think of GEAR MEN 


PROCESS GEAR CO., INC. 


4602 WEST FULLERTON AVE. CHICAGO 39, ILLINOIS 


USES LIGHT PRESSURE • 


transfer 


without 
complicated 
' gearing... 


SIERRA MINIATURE MECHANICAL 
CHAIN AND SPROCKETS... 


Provide precise, positive motion transfer 
through several planes simultaneously with 
no cable slippage...no complicated gearing. 

Unlimited center-to-center selection for min- 
iature and sub-miniature assemblies in servo 
systems, gyro systems, special cameras, 
electronic equipment, and small precision 
instruments. Less weight, cost, maintenance 

—wider tolerances. Designed to operate 
around minimum 7-tooth sprocket with root 

diameter of .250 inches. Chain pitch 

.1475 inches; Weight .45 oz. per lineal ft. 
Material: stainless steel, or other materials, 

including non-magnetic beryllium copper. 


NEW 
CATALOG 


— 


Contains useful 
application data, 
specifications, 
tables on chain 
pitch and sprocket 
sizes, suggestions 
for calculating 
center-to-center 
123 E. Montecito Avenue, distance. Write 
for yours today. 


Sierra Madre , California 


SIMPLE DISC CLUTCH 


DOESN'T GRAB 


integral v-belt pulley * integral sprocket « cut-off coupling 
or sleeve * easy manual operation + adjustable * powerful 


For stub or through shaft application, these Type K 
clutches—rated up to .8 HP at 100 rpm—have generous 
safety factors throughout to stand severest service. 
Threaded steel-adjuster permits precise easy adjustments 
to assure maximum capacity and minimum engaging pres- 
sure. Clutch locks itself in engaged position. Write for new 
descriptive Bulletin K-4 including complete specifications. 


THE EDGEMONT MACHINE CO. 
2200 HOME AVENUE * DAYTON 1, OHIO 
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USE TIME-SAVING COUPONS BELOW 


. .. fo request further information on 
all products advertised in this Handbook Section 


... fo request your copies of product catalogues 
and bulletins listed and described in this section 


(You will find similar coupons at the end of each Handbook Section ) 


CONSULT THE PRODUCT INDEX If you have specific questions to ask about any 
beginning on Page 12, when you product advertised, a letter direct to the manu- 
want all available information on facturer, at the address given in his advertise- 
a particular type of product: this ment, will be welcome. For clarity and prompt 
Product Index is your guide to all service, include reference to Product Engineer- 
advertisements in this Handbook ing's Product Design Handbook issue for 1956, and 
Issued by manufacturers of this page number of advertisement prompting your 
type of product. letter. 


CIRCLE THESE NUMBERS FOR FURTHER INFORMA- 
TION ABOUT ADVERTISERS APPEARING IN THIS 
SECTION 


E19 E20 E21 E22 £23 E24 E25 E26 
E28 E29-32 E33  E34-5 E36-7 ЕЗ8 ЕЗ9 Е40-1 
E42 E439  E44-5 E46 E47 E48 E50 ESI 
E52-3 E54 E55 E56 ES8 E59 E60 E61 

E63 E64 E65 E66 E67 E68 E69 

E71 E72 E73 E74 E75  EL76 ER76 

ET78 EB78 E79  ET80 EB80 E81  EL82 
ETR82 EBR82 E83  EL84 ETR84 EBR84 E85  EL86 
ETR86 EBR86 


CIRCLE THESE NUMBERS FOR FURTHER INFORMA- 
TION ABOUT ADVERTISERS APPEARING IN THIS 
SECTION 


E19 E20 E21 E22 E23 E24 E25 E26 
E28 E29-32 E33  E34-5 E36-7 ЕЗ8 ЕЗ9 Е40-1 
E42 E43  E44-5 E46 E47 E48 ESO ESI 
E52-9 E54 E55 ES6 E58  ES9 E60 E61 
E62 E63 E64 E65 E66 X E67 E68 E69 
E70 E71] E72 E79 E74 E75 EL76 ER76 
E77  ET78 EB78 E79 ET80 EB80 E81  EL82 
ETR82 EBR82 E83  EL84 ETR84 EBR84 E85 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION 


Q2 Q3 Q4 QS Q6 Q7 Q8 

Q10 Оп 912 913 Q14 915 Q16 
Q18 919 Q20 Q21 Q22 Q23 Q24 
Q26 Q27 Q28 Q29 Q30 Q31 Q32 
Q34 Q35 Q36 Q37 Q38 Q39 Q40 
Q42 Q43 Q44 Q45 Q46 Q47 Q48 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION 


Q1 Q2 Q3 Q4 QS Q6 Q7 Q8 
Q9 Q10 91 912 Q13 Q14 Q15 Q16 
Q17 918 919 Q20 921 Q22 923 Q24 
925 926 927 Q28 Q29 930 931 Q32 
Q33 Q34 935 936 Q37 938 939  Q40 
Q4] 942 Q43 Q44 Q45 Q46 Q47 Q48 
Q49 


For specific information about products: For specific information about products: 


———— —— — — — — — — — — — — — 





NEW BOOKS 


Design Analysis & Mechanical Parts 


Engineering Analysis by D. W. Ver 
Planck, Hd., Dept. of Mechanical 
Engrg., and B. R. Teare, Jr., Dean, 
College of Engrg. and Science, 
Carnegie Institute of Technology. 
6 x 9 in., 344 pp. Published by Jobn 
Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. $6. 


An exposition of professional phi- 
losophy and method as applied to the 
analysis and solution of engineering 
problems. The subject is developed by 
example, with special emphasis on the 
thinking processes involved. 

The technique of engineering analy- 
sis is separated into five distinct parts: 
(1) defining and formulating the 
problem to be solved; (2) planning 
the attack on the problem (involving 
the selection of principles and funda- 
mentals to be applied); (3) executing 
the plan of attack, including reaching 
a decision or result; (4) checking the 
work; and (5) taking stock to see 
what has been learned about the whole 
situation in which the particular prob- 
lem just solved exists, as well as what 
may be of future use (that is, learn- 
ing and generalization). 

A number of subjects immediately 
useful to engineers are discussed, in- 
cluding dynamics of translation and 
rotation, electric circuits, heat transfer, 
solution of linear differential equations 
with constant coefficients, uses of 
power series, integration by graphical 
and numerical methods, hyperbolic 
functions and the evaluation of inde- 
terminate forms. 


Cams—Design and Layout by Louis 
Kasper, Chief Mechanical Engi- 
neer, Steel Heddle Manufacturing 
Co. 5 x 8 in., 101 pp. Published by 
the Chemical Publishing Co., Inc., 
212 Fifth Ave., New York, N. Y. 
$3.50. 


A practical book dealing with the 
various types of cams, their applica- 
tions, and non-mathematical methods 
of determining their motion. The ex- 
amples of design and layout have been 
selected with some care to cover all 


those cases which occur most fre- 
quently in industrial uses. For any of 
the more specialized types of motion, 
the book would be of little value. 

Types of cams and cam followers 
are covered generally in the first chap- 
ter. Cam design and layout is dealt 
with in a general manner in chapter 
two. Since these two chapters use only 
seven pages, the material is almost of 
a pure introductory nature. 

Chapters three through eight deal 
specifically with the different cam 
types, applications, design and layout. 
Reciprocating cams are discussed in 
chapter three and examples shown for 
several types of motion. Chapter four 
covers rotating cams and the motions 
that can be produced; chapter five, 
cylindrical cams; chapter six, wiper and 
rocker cams and rolling levers; chap- 
ter seven, rectangular motion cams; 
chapter eight, sleeve cams; and chap- 
ter nine, miscellaneous cam applica- 
tions. 

The last chapter shows some of the 
calculations that may be made but 
these are only applicable to cases 
where the follower travels on a straight 
line passing through the center of rota- 
tion. Discussed are pressure angle, ve- 
locity, displacement and acceleration. 


Flexure Devices by P. J. Geary, 
British Scientific Instrument Re- 
search Assoc. 6 x 9V5 in., 44 pp., 
paper-bound. Publisbed by tbe Brit- 
ish Scientific Instrument Research 
Assoc., Information Dept., “Sira,” 
Southill, Elmstead Woods, Chisle- 
burst, England. 10/6d post free 
(about $1.50). 


The booklet comprises essentially an 
illustrated technical introduction, fol- 
lowed by digests of 28 selected impor- 
tant publications on the subject of 
flexure devices and a separate anno- 
tated list of 111 references to texts of 
secondary importance, together with 
such indexes as are necessary to make 
the compilation easy to use. 

The bulk of the material has been 
arranged in three separate sections— 
technical introduction, digests of im- 


portant texts, list of less important 
texts—to meet the needs of three dif- 
ferent classes of reader. Those who 
need only a brief general survey of the 
subject may satisfy their needs by read- 
ing the introduction and studying the 
accompanying diagrams; readers who 
require more detailed knowledge will 
study also some or all of the digests of 
the most important papers; those mak- 
ing a thorough study will peruse in ad- 
dition the secondary texts, which will 
also be of special value—when used 
in conjunction with the subject index 
—to anyone wishing to pick out all 
the texts dealing with one kind of 
device or application, but to ignore 
the rest. 


Residual Stresses in Metals and 
Metal Construction by W. R. Os- 
good, Professor of Mechanics and 
Chairman of the Department, Illi- 
nois Institute of Technology. 6 x 9 
in., 363 pp. Published by the Rein- 
bold Publishing Corp., 330 West 
42 St., New York 36, N. Y. $10. 


Twenty-two papers, contributed by 
specialists in the field from both here 
and abroad, offer a wide range of in- 
formation on the origin, magnitude 
and distribution of all types of residual 
stresses existing in a structure or a 
machine, whether arising from weld- 
ing, machining, or other causes. In ad- 
dition, a special summary prepared by 
a Committee of the National Academy 
of Sciences covers many aspects of the 
residual stress problem, and includes 
several recommendations for future 
research and study. 

Chapter headings include: Effects of 
Residual Stresses on the Behavior of 
Structures; Residual Stresses in Welded 
Pressure-Vessel Manufacture; Residual 
Stresses in Welding; The Significance 
of Residual Stresses; The Influence of 
Residual Stresses on the Behavior of 
Ductile Structures; Influence of Resid- 
ual Stresses on the Brittle, Plastic and 
Fatigue Behavior of Structures; Shake- 
down of Elastic-Plastic Structures; The 
Effect of Residual Stresses on High- 
Speed Impact Resistance; and others. 


Product Design Handbook Issue 





General 
Engineering 


Metals and 
Alloys 


Non-Metallic 


Niechanical | ; Materials and 


Finishes 


Parts and D esi с n "Fabrication 


and Production 
Processes 


Analysis 


Power 
Transmission 


Mechanical 


Frictional and Surface Damage Characteristics of Metals by C. L. Goodzeit, R. P. Parts and Design F 
Hunnicutt, and A. E. Roach (vut yu dier Analysis 


Control of Residual Stresses by George Sachs 

Fatigue Characteristics of Spring Materials by F. P. Zimmerli and W. P. Wood F10 

Acceleration in Harmonic Motion by Nils M. Sverdrup Fastening 
System Protection Through Filtration a 
Analysis of Plain Journal Bearings by G. B. du Bois and F. W. Ocvirk . 
_AISI Standard Alloy Steel Compositions 

Minimum Standard for Carbon Steel Castings . . Motors, Engines 
Simplified Calibration of Photoelastic Models by James H. Flanagan ......... and Controls 
Avoiding Gear Tooth Interference by Reiner J. Auman 

Base Pitches for Involute Spur Gears in Five Tooth Systems by John D. Howell F32 

Buckling and Moment Table for Steel Beams by L. P. Hollingsworth ......... F35 Electrical 


Properties of Spring Materials and Allowable Working Stresses by Harold C. R. and Electronic 
Cubs ...... Components 


Nomograph for Weights of Tubes by Carl Nachod 

Non-Rubbing Seals for Oil Retention by David C. Spaulding, Jr.............. F42 
Rubbing Seals for Oil Retention by David C. Spaulding, Jr. ................. F44 
Calculating the Area of Curved Surfaces by Victor Tatarinov 





From: ASME paper 


Frictional and Surface Damage 
Characteristics of Metals 


Investigation of the friction and surface damage characteristics of iron in sliding contact 


with various metals without lubrication. Surface-damage characteristics are related 


to the relative hardness of the metals in sliding contact, their mutual solubility and 


their ability to form intermetallic compounds. No relationship exists between the 


sliding friction and the material transfer between metals. 


CARL L. GOODZEIT —Research Engineer 
RICHARD P. HUNNICUT T —Research Metallurgist 
ARVID E. ROACH —Supervisor of Bearing Development 


General Motors Corporation 


IN MANY TECHNICAL APPLICATIONS, 
such as oil-film bearings and bushings, 
ball-bearing  separators, and piston 
rings, the basis of selecting metals is 
usually not friction coefficient but sur- 
face-damage characteristics. Such parts 
are designed to operate ordinarily with 
lubrication and the friction of the parts 
is, under this condition, virtually in- 
dependent of the friction coefficients 
of the metals used. It is rather during 
periods of momentary distress involv- 
ing insufficient lubrication, excessive 
speed, or overload, that the use of 
suitable metals becomes of great im- 
portance. Then, metals are wanted that 
will not score, gall, or otherwise suffer 
surface damage. 

In the evaluation of the surface dam- 


age caused by two materials sliding 
upon each other in unlubricated con- 
tact, three major considerations pre- 
sent themselves. These are: (1) what 
is the character of the surface damage 
suffered between a metal and iron in 
sliding contact; (2) does the friction 
coefficient between. metals in sliding 
contact indicate the character of the 
surface damage; and (3) can surface 
damage be associated with any more 
definable physical or chemical prop- 
erties of the metals. 


Setup for Testing 


The thirty-nine different elements 
listed in Table I were tested in sliding 
contact with iron, with no lubrication, 
using the test apparatus shown in 


Fig. 1. In all tests, the rider specimen 
was made of Armco iron. Each ele- 
ment was tested under two different 
normal loads. In the first condition the 
load was always 0.6 Ib. In the second, 
the load was proportional to the in- 
dentation hardness of the plate speci- 
men metal For example, for plate 
specimen metals the indentation hard- 
ness of which is equal to or greater 
than the hardness of Armco iron, the 
normal load was 1.0 lb. Thus, the load 
varied over a range from 0.1 lb for 
indium—the softest element tested— 
to 1.0 Ib for all elements harder than 
Armco iron. The purpose: to equalize 
the ploughing effect of the rider 
through the soft plate specimen ele- 
ments. 

Velocity of sliding—in both tests— 
was 0.002 ips and the duration of the 
run was 2 min. Track made by the 
rider on the surface of the plate speci- 
men was 1⁄4 in. long. 


Fig. 2—Four types of plate specimen surface damage. 


Type 2P 


Type 3P 
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Evaluation of surtace damage was 
made in two ways: (1) By comparing 
photomicrographs of the surfaces be- 
tore and atter testing; and (2) by 
analyzing the surface ot the plate speci- 
mens tor the presence of iron along 
the rider track. In Table I, these evalu- 
ations are summarized. 


Surface Damage From Sliding 
Contact 


Four distinctly different types of 
surtace damage were suffered by the 
plate specimens atter test; these are 
shown in Fig. 2. Also, tour types of 
damage could be distinguished in the 
contact areas, Fig. 3, ot the iron riders. 

The type of surtace damage suffered 
by the various metals are shown in 
Table I for both the plate specimen 
and the iron rider. As indicated, rider 
damage Type 1R' is found only with 
plate specimen damage Types 1P and 
2P. These combinations of damage 
types indicate little, if any, transfer of 
material from the plate-specimen to the 
rider and no rider material transfer. 
Also, rider damage Type 2R is found 
only with plate-specimen damage 
Types 1P and 2P. These indicate a 
transfer of material from the plate to 
the rider, but no transfer from rider 
to plate. Rider damage Type 3R is 
found only with plate-specimen dam- 
age Type 3P. Material is transferred 
from rider and to plate and also from 
plate and to rider. Similarly, Type 4 
damages are found together. Material is 
transferred from the rider to the plate 
but not from the plate to the rider. 


Friction and Surface Damage 


It can be noted from Table I that 
there is no simple correlation between 
the surface damage suffered by the 
various metallic elements in sliding 
contact with iron and their friction 
coefficients. For instance, the metals— 
silver, tin, antimony and tellurium— 


Plate spec imen.. 


Plate specimen. 
holder 


F MECHANICAL PARTS AND DESIGN ANALYSIS 


Fig. 1—Friction test machine. Plate specimen is mounted on a carriage that 


is moved back and forth at a uniform slow velocity on ways. 


The rider is 


attached to a cantilever beam so that the hemispherical end of the rider 
presses against the plate specimen causing rider and plate wear. 


which have the lowest friction co- 
efficients with iron, invariably suffer 
little or no damage (Type 1P or 2P) 
and cause little or no rider damage 
(Type 1R). Certain other metals— 


indium and lead, for instance—with 
the same damage characteristics have 
the highest friction coefficients. 
Metals giving Type 2R rider dam- 
age with Type 1P or 2P plate damage 


Fig. 3—Four types of rider surface damage. 
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Type 2R Type 3R 
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Damage Classification to Plate and Rider 
(See Figs. 2 and 3) 


Plate Specimen Damage 


TYPE 1P—Track is well defined but discontinuous. The ridges of 
the asperities are leveled off and displaced in the direction of rider 
travel. There is no evidence of rider metal welded to the plate 
specimen. 


TYPE 2P—Track is well defined and continuous. There is no evi- 
dence of rider metal welded to the plate specimen. 


TYPE 3P—Track is poorly defined. In some areas the original 
asperities are still distinguishable; in others they are smeared away. 
Pieces of rider metal are welded to the plate specimen and are 
often displaced in the direction of rider travel. 


TYPE 4P—tTrack is poorly defined. The original asperities are still 
intact. Pieces of rider metal are welded to them. 


Rider Specimen Damage 


TYPE 1R—Contact area is poorly defined. The original asperities 
are still visible. There is no evidence of plate specimen metal welded 
to the rider. 


TYPE 2R—Contact area is well defined. There is evidence of plate 
specimen metal, frequently in the form of a definite blob, transferred 
to the rider. 


TYPE 3R—Contact area is well defined. Pieces of plate specimen 
may be distinguished in some portions of the contact area. In other 
portions of the contact area, there is evidence of removal of rider 
metal. 


TYPE 4R—Contact area is well defined. The original asperities 
are leveled off and displaced toward the trailing edge of contact. 
There appears to be no plate specimen metal welded to the rider. 


tend to exhibit erratic frictional char- 
acteristics. Magnesium and bismuth, 
for example, give stick-slip motion, 
while aluminum, indium, barium and 
thorium have the highest friction co- 
efficients. 

Metals giving Types 3 and 4 damage 
have relatively uniform friction coef- 
ficients. All these metals have coefh- 
cients close to 12, except germanium. 

The ability of metallic elements to 
resist surface damage against iron is 
related to: (1) The position of the 
metals in the periodic grouping of the 
elements; and (2) the metals solu- 
bility for iron or ability to form inter- 
metallic compounds with iron. Specif- 
ically, metals having the greatest re- 
sistance to surface damage are those 
that are immiscible with iron or that 
form stable intermetallic compounds 
with iron. Thus, there were no soluble 
metal pairs that gave shearing at the 
interface. With all soluble metal pairs, 
shearing occurred in the plate-specimen 
metal and/or in the rider metal. This 
can be seen from Table I by compar- 
ing the solubility and hardness data 
with the surface damage ratings. 


The location of'the plane of shear- 
ing with respect to the interface for 
soluble metal pairs is determined by 
the relative hardnesses of the metals: 

l. Metals giving Type 1P or 2P 
plate specimen damage with Type 2R 
rider damage all have indentation 
hardnesses less than that of iron at 
room temperature. 

2. Metals giving Type 3P damage 
combined with 3R damage are all solu- 
ble with iron and all harder than iron 
at room temperature. Shearing occurs 
in both the rider and plate specimen. 

3. Metals giving Type 4P damage 
combined with Type 4R damage are 
all much harder than iron. All such 
metals — excepting possibly germa- 
nium — are also soluble with iron. 
When such metals slide against iron, 
the shearing process occurs in the iron. 

These observations suggest that the 
shear strength of the metallic junctions 
between two soluble metals in sliding 
contact is greater than that of either 
of the metals themselves. On the 
other hand, with insoluble metal pairs 
the number of atomic bonds in the 
junction is limited and hence the junc- 
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tion is weak. With metal pairs form- 
ing intermetallic compounds, the junc- 
tion is composed of covalent com- 
pounds and hence is brittle. In either 
instance, the junction tends to shear 
more easily than either of the uncom- 
bined metals. The shearing process, 
therefore, occurs in the interface; the 
damage in depth is minimized. 


Engineering Applications 

There are only a few engineering 
applications where elemental metals 
are in sliding contact with iron or steel. 
However, experience with these appli- 
cations is in agreement with these test 
results. 

For example; it would be expected 
that metals giving Type 1P or 2P 
plate specimen damage with Type 1R 
rider damage would perform extremely 
well in service. This is confirmed by 
the successful use of silver as a coating 
to reduce surface damage on such parts 
as separators for high speed rolling- 
contact bearings. Lead and tin are used 
to coat engine pistons, and with these 
soft metals it is essential that the 
coating be very thin to prevent smear- 
ing. 

Metals giving Type 1P or 2P plate 
damage with Type 2R rider damage 
have good and bad application his- 
tories. For instance: cadmium, indium, 
thallium, and bismuth are known to 
protect against surface damage when 
applied in very thin films. When used 
in thick coatings they tend to smear 
In contrast, magnesium, aluminum, 
copper and zinc are generally unsatis- 
factory since they tend to pluck and 
tear when rubbed against iron or steel 
at high speed. 

Iron and titanium are the only en- 
gineering metals in the Type 3P and 
3R category. Both are sensitive to 
surface damage when rubbed against 
iron or steel. 

Several of the metals giving Type 
4P plate damage with 4R rider damage 
are used as hard coatings to prevent 
surface damage. These are notably 
chromium, tungsten, cobalt and nickel. 
These metals tend to "file" away the 
part against which they slide; hence 
they should be as smooth as possible to 
minim‘ze surface damage. Also, they 
should be mated with parts of equal 
hardness. An example is a hardened 
alloy-steel gear running in mesh with 
another hardened alloy-steel gear. Sur- 
face finish and hardness are crucial in 
minimizing damage at high speeds. 


BO 





Fig. 


1—Failures that could be classified as resulting from either load or residual stress. All parts are of heat-treated 


high strength steel and cadmium plated. Left—Load stress failure in a press fitted part. Crack appeared after inserting 
plug. Center—Residual failure caused by grinding. Right—failure caused by straightening. 


From: SAE Paper 


Control of Residual Stresses 


GEORGE SACHS 


Director of Metallurgical Research 
Syracuse University 


THE EFFECTS of residual stresses de- 
pend primarily on their magnitude at 
exposed surfaces. Generally, residual 
tensile stresses at the surface are dam- 
aging, while surface compressive 
stresses are beneficial. Subsurface 
stresses, however, cannot be ignored. 
This caution applies particularly to 
the fatigue strength of case-hardened 
parts which tend to develop cracks 
under the case. 

The effects of residual stresses on 
various strength properties are still 
basically unknown because: 

1. The effects of residual stresses 
greatly depend on the particular mate- 
rial and its condition. The susceptibil- 
ity of different metals to premature 
failure under service conditions in- 
volving these stresses varies within 
wide limits. 

2. The effects of residual stresses 
differ widely with the nature of ap- 
plied loads and they may be modified 
by certain chemical environments. 

3. Residual-stress patterns are gen- 
erally very complex and some of their 
unrecognized or negiected features may 
be decisive for the occurrence of 
failures. 

4. The magnitude of residual peak 
stresses is affected by such factors as 
overstraining, repeated loading, or 
localized heating of surface layers. In- 
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ternal changes within the material may 
also cause a change with time which 
may increase or relax the peak stress. 

In general, the effects of residual 
stresses are fundamentally of the same 
nature as load stresses. Thus, certain 
types of failures may be equally caused 
by load stresses, residual stresses, or a 
combination of the two. In Fig. 1 are 
shown some border failures that could 
result from either load or residual 
stress. 

Residual stresses in parts may be 
controlled. However, information is 
limited on control methods. Often 
extensive experimentation is required 
in devising a method. In general, con- 
trol measures can be classified from 
the viewpoint of production as follows: 

1. Selection of the most suitable 
material. 

2. Development of processing and 
heat-treating methods which are con- 
ducive to the most favorable residual 
stress condition. 

3. Close control of finishing opera- 
tions, such as grinding and straight- 
ening. 

4. Application of a final mechanical 
treatment which favorably affects the 
residual stress pattern. 

5. Stress-relief annealing. 

The use of these various control 
measures greatly depends upon the 
particular application of the part; for 
example, the nature of the properties 
responsible for optimum service per- 
formance. These properties can be 


entirely of a mechanical nature, or may 
be combined with chemical resistance, 
or a physical property, such as dimen- 
sional stability during machining op- 
erations. 


Failures Caused by Chemical Factors 


Chemical factors appear to be of 
significance in many failures where 
they had not been suspected. Often, 


Reduction of oreo-per cent 


| 
Zin cylinder ^ 
portion plated 


Rockwell "C" hordness 


Fig. 2—Effects of plating on the duc- 
tility of various steels heat-treated to 
a hardness range of Re 35 to 48. Rapid 
decrease in ductility with hardness 
may limit the use of high strength 
steel because of embrittlement. 
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Fig. 3—Effects of annealing on hardness, residual stress, Fig. 4—Effect of stress relief (2 hr) for a range of anneal- 
and cracking tendency of brass tube. Anneal usually removes ing temperatures on hardness and residual stress of 1060 
stresses and cracking without adverse effect on hardness. steel bars that were cold drawn using different reductions. 
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Fig. 5 (left)—Effect of varying amounts of compressing or stretching on residual stresses in cold drawn brass rod. 


Fig. 6—Effects of “reeling,” which is a commercial straightening process, on the residual stresses in cold drawn steel rod. 
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the failure is attributed to a fatigue 
factor while actually it is a stress cor- 
rosion crack. 

One cause of stress-corrosion crack- 
ing is heat-treating stresses, to which 
various alloys are highly susceptible. 
Residual stresses are formed which 
lead to a fracture in a manner similar 


to a fatigue failure. However, fatigue 
loading of the part is usually low and 
the fracture can usually be traced to 
high surface tensile stresses resulting 
from heat-treating. Control measures 
include: a change in heat-treat to 
lower the stress values; and shot peen- 
ing to induce surface stresses. 


Alternating tensile loading 
Min stress 2,300 psi 


residual 
stress 


Mox 
tensile 
stress 


Torch 
applied 
locally over 
these areas 


Residual 
thermol 
stresses 

--— produced - —— 
before test 


32,700 psi 
127 % 


Fig. 7—Effects of residual stresses induced by local heating on fatigue strength 
of a steel plate with a hole; (b) and (c) show effect of heat application. 
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Fig. 8—Effect of case depth on resid- 
ual stress of induction hardened and 
normalized SAE 4150 steel, 
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0.4 0.6 0.8 


Radial distance from oxis=in. 


Fig. 9—Effect of quenching rate on 
residual stress of induction hardened 
SAE 4150 steel—normalized. 


The failure of heat-treated steel 
parts under comparatively low—but 
sustained—loads after a long service 
period can sometimes be traced to 
another type of stress corrosion—hy- 
drogen embrittlement. Hydrogen can 
be introduced into the steel—in manu- 
facture, by plating and cathodic clean- 
ing, or during heat-treating. 

In most instances of hydrogen em- 
brittlement, the failure is blamed on 
applied rather than residual stresses. 
This is partly caused by the fact that 
a part loaded with residual stresses 
cracks readily during plating or clean- 
ing and thus becomes unusable. 

This type of stress corrosion cracking 
is caused by the combined effect of 
hydrogen and residual stress, under 
conditions where hydrogen is devel- 
oped, rather than retained, by the steel. 
The three pictures shown in Fig. 1 are 
failures caused by this type of crack- 
ing. In addition parts containing 
hydrogen and which are subsequently 
bent have been observed to fail at 
some later time. 

Hydrogen embrittlement and stress 
corrosion cracking of steels heat- 
treated to very high strength can be 
controlled by a stress-relief anneal at 
a temperature slightly below the tem- 
pering temperature and by a mechan- 
ical surface treatment, such as shot- 
blasting. Both control measures must 
be applied prior to the exposure to 
hydrogen. These measures do not 
prevent hydrogen embrittlement caused 
by directly applied loads or stresses 
developed during assembly. Heating 
to 300-400 F for several hours (bak- 
ing) will remove hydrogen from the 
steel, but is not fully effective for 
steels heat-treated to their highest 
strength. 

Future control of hydrogen em- 
brittlement—especially for aircraft ap- 
plications—must include the plating 
and cleaning procedures, ‘These must 
either prevent embrittlement, or result 
in a permeable coating that renders 
baking more effective. Also, the danger 
of hydrogen embrittlement increases 
with increasing strength, Fig. 2, of the 
heat-treated steel. In extreme instances, 
the selection of a steel possessing lower 
strength may be the only effective 
control measure. 


Control of Season Cracking 


Season cracking of brass and copper 
alloys is a form of stress corrosion 


cracking caused by the combination of 
tensile surface stresses and of chem- 
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Residual stress —10OO psi 
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Fig. 10—Effect of low temperature 
stress relieving on the longitudinal re- 
sidual stresses of a 7 x 4 ft weldment. 


ical attack by ammonia in the atmos- 
phere. Parts that have been subject to 
drawing or spinning are the best 
known examples of season cracking. 
However, similar phenomena are found 
in other materials, such as carbon and 
low alloy steels, stainless steels, and 
aluminum alloys. 

To avoid season cracking usually a 
stress relief anneal is applied, Figs. 3 
and 4, that eliminates most of the 
stresses and cracking without adversely 
affecting hardness. However, there are 
instances where cracking cannot be 
fully controlled or prevented. 

The cracking of simpler shapes, such 
as wire, rod and tube, frequently can 


be controlled by mechanical finishing 


operations. Stretching or compressing 
can reduce the residual stresses to a 
very low value as shown in Fig. 5. 
Bending and commercial straightening, 
Fig. 6, cause a reversal of the surface 
tensile stresses. 

The most effective control for tube 
and wire is applied during production. 
These are proper selection of tool con- 
tour and reductions. It is particularly 


effective on brass tube where the right 
combination of wall and diameter re- 
duction produces little stress and elimi- 
nates the danger of cracking. 

Raising Fatigue Strength 

by Residual Stress Control 


In general, the question whether 
residual stresses determine the large 
variations in fatigue strength is not 
completely answered. The effect is 
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å Stretched 
after roll 


Fig. 11—Distortion of a roll-formed 
channel on cutting and its elimination 
by stretching after roll forming. 


apparently small for a uniform polished 
sections or for parts at low load values. 
However, as the number of cycles to 
failure increases or where residual 
stresses are introduced into a locally 
reduced section or a clamped section 
the effect on fatigue strength can be 
noticed. Fig. 7 shows this effect. 

Compressive stresses serve to in- 
crease the life of high-strength steel 
parts. These may be introduced by 
shot peening and surface rolling. The 
rolling of threads and shoulders on 
bolts and other parts produces bene- 
ficial compressive stresses to these parts 
subject to fatigue loading. 

The high endurance limits of case 
hardened steel parts is attributed to 
the development of high compressive 
stresses in the case, Figs. 8 and 9. 
This same phenomenon can be 
achieved through flame hardening, in- 
duction hardening, and carburizing. 

Machining develops residual stresses, 
however, their effect is usually insig- 
nificant. In fact, it may be beneficial 
since dull tools, in many instances, act 
similarly to surface rolling in produc- 
ing compressive stresses. 

Grinding, however, has an opposite 
effect. It heats the part surface and 
develops tensile stresses. Careless grind- 
ing results in overheating of the sur- 
face layers and frequently in checking 
and cracking. With heat-treated, high 
strength steels, a regular check of sur- 
face hardness should be used to pre- 
vent grinding damage. Etching can 
be used to disclose grinding stresses. 
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Parts Loaded Statically and 
in Impact 


Little information is available con- 
cerning parts which are statically 
loaded for short or long time durations. 
Observations indicate, however, that 
premature static and sustained-load 
failures will occur with residual stresses 
being the contributing factor only 
when stress corrosion conditions exist. 

Residual stresses also affect the 
stress-strain relationships. These 
stresses should cause plastic flow to 
occur earlier than is normal. 

Static and impact strength of nor- 
mally ductile metals do not appear to 
be affected by residual stresses of any 
type. This is in contrast to the bene- 
ficial effect of compressive quenching 
stresses on the bending strength of 
very brittle materials such as glass. 
The reason for the difference is that 
metallic materials are usually suffi- 
ciently ductile to automatically relieve 
residual stresses. 

The high residual stresses that occur 
in welded joints can be controlled by 
a low temperature treatment. Fig. 10 
shows the lowered stress values 
achieved by heating narrow areas par- 
allel to and about 5 in. apart from the 
welded bead to between 350-400 F. 


Dimensional Stability 
and Other Physical Properties 


The presence of residual stresses 
frequently causes difficulties in produc- 
tion and in service of parts which re- 
quire high dimensional accuracy and 
stability. Releasing such stresses can 
cause large distortions during machin- 
ing, Fig. 11, or small dimensional 
changes during storage and heating. 

To minimize these effects, the part 
may be rough machined to almost fin- 
ish size, then allow the distortion to 
occur, and then finish machine. This 
will not eliminate any distortions 
caused by still-retained stresses. 

To completely eliminate any change, 
homogeneous stretching or compress- 
ing, or stress-relief annealing can be 
employed. 

A stress-relief anneal is the most 


effective measure for annealed, nor- 
malized and cold-worked metals. It 
is not fully effective for heat-treated 
alloys since it may change their 
strength characteristics. 


REFERENCE: 


“Control of Residual Stresses in Practice” 
by George Sachs. SAE paper No. 448. 
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Table I—Chemical Composition, Mechanical Properties, and Preliminary Treatment of Spring Steels 


Rock- | 
well C | 
hard- 


| 
Dia of | Tensile 
Type of | wire, strength, 
Steel ГУЕ Я psi 


% 





Carbon- | 0.148 | 222,800 | 
steel valve | | 
tempered | 


240,000 | 


€ 
| mess | % 
| 0.6 


44-45 | 0.67 


| 
| 
| 


Tempered | 0.148 
chrome- | 


vanadium 


Tempered | 0.135 | 245,249 | 49 
chrome- 
silicon 
High- 
manganese 
valve 


0.148 | 245,000 
I 


18-8 0.148 | 213,218 | 42 
stainless | 


3. Я 
| 52-53 | 


High- 
speed 


0.148 


259,000 
| 


Music 0.148 45% 


wire 


| 1.48 | 0.79 | 


48-49 | 0.50 | . 


| 0.72 | 
| | 
0.012 | 0.021 | 0.60 
0.015 | 
| 
| 
0.005 | 0.014 
to to 
| 0.007 | 0.018 | 18. 


0.021 


—| — 


0.004 | | 1.20 
I | | 
| 0.018 | 0.023 | 


* This hardness value was obtained on finished springs. 


| Preliminary treatment 
Not shot-peened 


Shot ~peened 





| 0.07 | 16.09 


| 750 F for hr | 750 Е бог hr 
shot-peened М 
450 F for !4 hr 


| 750 F for !4 hr 

| shot-peened !4 hr | 
with cut-wire shot 
450 Е for \% hr 


750 F for M$hr ” 
shot- ned 
450 


750 F for 14 hr 
shot-peened ?!4 hr 
450 F for !4 hr 
850 F for !4 hr 
shot- ned 16 hr 
450 for Jé hr 
Shot- ned % hr 
450 F for !4 hr 


hr 


750 F for \% hr 
(wire dia 0.142 in.) 


750 F for 1 hr 
Mí hr 
for !$ hr 


750 F for !4 hr 


| 850 F for !4 hr 





No treatment since 
heat-treated after 


coiling 
750 F for !4 hr 


725 F for !4 hr 
shot-peened !$ hr 
450 Е for !4 hr 


Fatigue Characteristics 


of Spring Materials 


F. P. ZIMMERLI 


Barnes Gibson Raymond Division 
Associated Spring Corp. 


W. P. WOOD 
University of Michigan 


UNTIL RECENTLY, practically noth- 
ing was known of the fatigue charac- 
teristics of various spring materials at 
low and elevated temperatures. Also, 
little was known about what per cent 
of the beneficial effect of shot peening 
on spring fatigue life persists at ele- 
vated temperatures. A recent investiga- 
tion of seven widely used spring 
materials has clarified the effect of 


All tests were made on the steel wires 
in the form of helical springs. 

The tests indicate that shot peened 
springs have higher endurance limits 
at —75 F and 75 F than unpeened 
springs, but relaxation is greater. As 
the temperature increases, the endur- 
ance limit of unpeened springs tends 
to hold steady or increase slightly. The 
endurance limit of the shot peened 
springs, however, show a general down- 
ward trend. 

With the exception of high-speed 
steel and stainless-steel, chrome-silicon- 


steel springs give the lowest load loss 
or set in both static and dynamic tests 
in the temperature range from 70 to 
450 F. High-speed-steel springs, both 
unpeened and shot peened, show sur- 
prisingly high endurance limits at all 
temperatures. 

The “A” graph in each of the Figs. 
1 through 7 shows the variation in en- 
durance limit with temperature of the 
shot peened and unpeened springs. In 
each, the upper curve indicates the 
stress on the springs as installed (with 
modulus correction where necessary), 


temperature and shot peening on fa- Table II—Endurance Run Results at —75 F 
tigue characteristics. NL ERE MERERI NE P T T E SR dar К аш с 


Shot-peened Unpeened 


Maximum 
stress 
psi 
95,000 
95,000 
100,000 
85,000 
not run 
not run 
not run 


| Maximum 
| stress 
заа ode AR 


Carbon valve spring steel.... | 135,000 
Chrome-silicon valve spring steel. . | 135,000 | 
| 


The materials investigated include: 
pretempered carbon-steel wire; pre- 
tempered chrome-vanadium-steel wire; 
pretempered chrome-silicon-steel wire; 
pretempered high - manganese - steel 
wire; hard-drawn 18 chrome-8 nickel 
stainless-steel wire; patented music 
wire; and high-speed-steel wire. Table 
I indicates the composition, properties 
and preliminary treatment of the wires. 


Ро 


Per cent 
loss of 
load 


<0.1 


«0.1 


Per cent 
loss of 
load — 


1.0 
«0.1 
1.47 
«0.6 
1.53 
0.0 


Steel 


High-manganese valve spring steel. . 140,000 
18 Cr-8 Ni stainless valve spring steel.| 105,000 
Chrome-vanadium valve spring steel. 135,000 
High-speed valve spring stecl.... 100,000 
Music wire.......... not run 
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Fig. 1—Chrome-silicon-steel wire.—(A) As temperatures 

increase the endurance limit of shot-peened springs ap- 

proaches that of the unpeened ones.—(B) Loss in load- 

carrying capacity with temperature of unpeened springs. 
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Fig. 2—Chrome-vanadium-steel —wire.—(A) Unpeened 
springs have a higher endurance limit at 400 F than at 
room temperature.—(B) Loss in load carrying capacity 
with temperature of unpeened springs. 
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Fig. 3— 18-8 stainless-steel wire.—(A) Except for springs 
of high-speed steel wire, 18-8 steel springs hold up better 
in the 400 to 600 F range.—(B) Loss in load-carrying 
capacity with temperature of unpeened springs. 
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Fig. 4—Music wire.—(A) Endurance limit of unpeened 
springs decreases at a slower rate with temperature than 
that of shot-peened springs.—(B) Loss in load-carrying 
capacity with temperature of unpeened springs. 
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Fig. 5—High - speed - steel wire.—(A) These springs 
show the best endurance at elevated temperatures.— 
(B) Loss in load-carrying capacity with temperature of 


unpeened springs. 
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Fig. 6—Carbon-steel wire.—(A) Operating stresses and 
temperatures permissible in carbon value spring steel 
for infinite load applications—(B) Loss in load-carrying 


capacity with temperature of unpeened springs. 
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Fig. 7—High-manganese-steel wire.—(A) Up to 400 F the shot-peened springs exhibit better endurance limits than 
most of the other types.—(B) Loss in load-carrying capacity with temperature of unpeened springs. 


while the lower curve represents the 
load loss in terms of stress after 10,- 
000,000 compressions in а heated 
chamber (about 96 hr of running 
time). The “B” graph in each of the 
Figs. 1 through 7 is a plot of static 
load losses with endurance limit of the 
unpeened spring. This combination of 
data gives a useful picture of springs 
under heat and varying loads. 

In Table II are tabulated the results 
of endurance runs at —75 F. In most 


Fi2 


instances there is not much difference 
between the endurance limit at room 
temperature and at minus 75 F. Un- 
doubtedly the reheat-treated — high- 
speed-steel shot-peened springs would 
have sustained a higher stress than 100,- 
000 psi. The most notable result is the 
low load losses. No static load-loss tests 
were made at the low temperature, 
but it would be expected that they 
would have indicated proportionally 
low losses. Low temperature did not 


affect the beneficial results of shot-peen- 
ing which would indicate, when cou- 
pled with low load losses, that shot- 
peened springs will give more satis- 
factory performance at low tempera- 
ture than not shot-peened springs. 


REFERENCE: 

Effect of Temperature on Endurance 
Limit and Relaxation of Spring Materials, 
F. P. Zimmerli and W. P. Wood; SAF 
Transactions, Vol. 62, 1954. 
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& ft 


sec? 


Maximum Acceleration ¬ gq 


Acceleration In Harmonic Motion 


NILS M. SVERDRUP 


Aerojet Engineering Corporation 


THIS CHART gives the maximum ac- 
celeration, both in ft/sec? and in g's, 
of a body moving in simple harmonic 
motion. Values of frequency and 
amplitude larger than those plotted 
can be divided by a factor to bring 
them within the plotted values and 
the plotted maximum acceleration 
values modified accordingly. 
Where 


r = amplitude, in. 

w = angular velocity, radians per sec 
f=w/(2 r) =frequency, cycles per sec 
t=interval of time, sec 

z = displacement at time {, іп. 
a=accelcration at time t, ft/sec? 
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dna. = maximum acceleration during a 
cycle, ft/sec? 
By taking the second derivative of 
the displacement 


(2/12) = (r/12) sin w t 


(1) 
and then substituting 2rf for w in the 
second derivative, the equation 

a=(2 r f)? (r/12) sin (2 x ft) (2) 
is obtained. Eq (2) has its maximum 
value when sin (2r ft) is either + 1, 
therefore, the maximum acceleration 
during a cycle is 


«тах = + (2 r f)? (r/12) =3.289 r f?, 
ft/sec? (3) 


The chart is constructed to solve Eq 


1955 


(3)- The chart relates the frequency, 
the amplitude, and the maximum ac- 
celeration. 


EXAMPLE: A device is subjected to a 
vibration having a frequency of 25 
cycles per sec and an amplitude of 
0.06 in. What is the maximum accel- 
eration exerted on the device. 


SOLUTION: Draw radial line to 25 on 
the frequency scale; and a vertical line 
through 0.06 on the amplitude scale. 
Through the intersection of these lines 
draw a line to the sides of the chart and 
read 123 ft per sec?, and 3.8 g's, on 
the maximum acceleration scales. 
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Wedging action 
0s particles 


Threads Jam in element 


hold fop 
in place 


EL 


> Scraper 


Metal edge Modes 


elements 


— — 


wo 


elements Every paticle 


that can enter 
will pass through 


Space for- - 
accumulated 
mpurities * x 
— Fig. 2—Flow path of filter types. Tapered 


flow paths in a metal-edge element pre- 
vents clogging. Particles that fail to pass 
through may fall off or can be scraped 
off the surface. Wedging action of paper, 
wire screen, sintered metal, element unit 
eventually restricts flow requiring replace- 
ment. Paper, wire screen and sintered 
metal element filters provide a finer de- 
gree of filtration than other types. How- 
ever, element type filters must be replaced 
before clogging of the filter causes a 
pressure drop and pump cavitation. 


Fig. 1—Filter types.—(A) Paper element 
unit which requires periodic replacement to 
maintain degree of filtration desired.—(B) 
Metal-edge element unit which removes solid 
accumulation by turning the handle. Either 
element or blades may rotate depending on 
the design. A stock size filter should be 
chosen for an application since it is less ex- 
pensive and easier to replace used elements. 


Y Outlet 


From: Purolators' Manual For Designers 


System Protection 


Through Filtration 


Preliminary design values for estimating space needed. Typical 


systems for engines, closed hydraulic circuits, and machine tools. 


FILTERS REMOVE three kinds of solids, 
namely, abrasives, fibers, and jelly-like 
constituents from hydraulic fluids, lu- 
bricating oils and air. 

Abrasives are hard solid particles, 
usually irregular in shape. They can 
break down oil films on lubricated 
surfaces. Suspended in a moving fluid, 
abrasives cut and wear away metallic 
surfaces. They cut valve seats and pas- 
sages, orifice and nozzle openings, thus 
upsetting fluid flow lines, spray pat- 
terns and other desirable operational 


Ем 


characteristics. Sources of abrasives are 
foundry and core sand in new ma- 
chines, shop dirt, fly ash, cinders, grind- 
ing slush and airborne dust. 

Sticky gums and jelly-like constitu- 
ents are nonabrasive, but they plug 
inlet and outlet openings of passages 
thus blocking or restricting normal 
flow. The sources of these materials 
are many, but principally they are re- 
action products of chemical contami- 
nants found in hydraulic and lubricat- 
ing fluids and oils. 


Among the fibers, lint is the chief 
offender. It interferes with fluid flow 
by plugging passages and by provid- 
ing a supporting structure for abrasives 
and gums. 

The filter element—the part inside 
the case that does the actual filtering— 
can be one of several different types, 
Figs. 1 and 2. The type selected de- 
pends upon the degree of filtration 
desired and the application. Table 1 
lists recommended filter uses. The filter 
element also can be designed to re- 
move solids above a predetermined 
size and pass all those of a smaller size. 
Each type of element has certain pres- 
sure drop vs flow characteristics—both 
as installed and after a period of use. 

A few applications for filters are: air 
intake for engines and compressors; oil 
systems, fuel lines, fuel injection on 
diesel and gasoline engines; hydraulic 
fluid in closed loop circuits; filtration 
of machine tool coolants; and bulk fuel 
transfer lines. 


Gasoline Engine Lubricating Oil 


Filters of reasonable size can han- 
dle the full lubricating oil flow in 
gasoline engines up to several hundred 
horsepower without the help of auxil- 
iary equipment, Fig. 3, such as bleed- 
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Bypass relief valve 
(opens ot 15-20 psi differentia! pressure / 


Low-pressure bypass valve 
(closes as shown at 20 psi) 


Bearings and - - 7 N 


hydraulic valve 
lifters 


Pressure 
regulating 


valve 


\ 
Crankcase 


Fig. 3— Typical gasoline engine lube-oil filtration systems.—(A) Shunt- 
type where only partial flow passes through filter.—(B) Bypass system 
where oil to bearing does not pass through filter. These systems are not 
recommended.—(C) Full flow system where filter handles total lubri- 
cating oil flow. A loaded filter will by-pass the lubricating oil. 


ers, bypasses, shunts and similar partial 
flow systems. The full flow of the oil 
pump passes through the filer. If a 
pressure regulating valve is used, the 
excess oil need not be filtered. 

With typical oil film thicknesses 
from 5 to 10 microns, the degree of 
filtration required for the average en- 
gine is 15 microns. 

Where dust conditions are not ab- 
normal, a filter area of about 300 sq 
in. per gpm of lube oil pump output is 
a good average value. This corresponds 
to about 24 cu in. of extended-area of 
filter element per gpm for accordion 
pleated micronic-type elements. This is 
an arbitrary cubic volume for space 
allotment, Fig. 4. Value holds for 
SAE 10, 20 and 30 grade lubricating 
oil in engines up to 200 horsepower. 

For example, if 5 qt of crankcase 
oil are completely recirculated 3 times 
per minute at top engine speed, the 
pump output would be 15 qt per min 
or 3.75 gpm. At 24 cu in. per gpm, the 
element would occupy 90 cu in— 
about 414 in. dia cylinder, 41 in. long 
of element volume. The filter case 
would tentatively be about 5 in. in 
dia and 5 or 515 in. long. 

A bypass relief valve setting of 15 
to 20 psi is recommended for the above 


Crankcase 


Table I—Suggested Filter Applications 


Type of Element 


2-5 
5-10 
10 
25 


microns 
microns 
microns 


Paper A 
B 
с 
р microns 


Wire Screen 
Fine 
(200-325 mesh) 
Coarse 
(24-200 mesh) 


44-75 microns 


— 


Sintered Metal 
Type 1 2 microns 
2 5 microns > 
3 10 microns} 
4 over 10 microns 


| 


Fibrous Depth Type 
Media 
Metal Edge 
Type 1 0.0015 inches 
2 0.003 inches 
3 0.005 inches 
4 0.008 inches 
5 over 0.008 inches 


compactness of packing 


example. A pressure drop of 15 psi 
under ordinary engine lubricating con- 
ditions indicates the filter life is over 
90 per cent expended. At this time a 
new filter element should be installed. 
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Degree of Filtration (Initially) 


75 microns to 0 .025in. or more 


Variable depending on the 


Type of Application 
Fuel, hydravlic fluid 
Fuel, 
Fuel, hydraulic 
Full flow lube 
machine tool 


fluid 


oil, air cleaner, coolants- 


Full fow fuel, lube, air and hydraulic fluids 


Full flow fuel, lube, air and hydraulic fluids 


Fuel, air and hydraulic fluid filtration 


Filtration of most fluids 


Partial flow lube oil, filtration 


Fuels 

Lube oil and hydraulic fluid 

Lube cil 

Lube oil and hydraulic restrictor filter 
Paints, greases, etc. 


Air Intake for Compressors and 
Engines 
The filter size selected for air intake 
applications is usually based on about 
1 cu ft of space for every 600 cfm of 
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air flow. The filter case outside dimen- 
sion will, of course, be slightly larger. 

Efficiency of micronic-type filter ele- 
ments are about 99.8 per cert solids 
removed. The efficiency, as well as the 
ease of maintenance, reliability and 
compactness, are much higher than the 
oil-bath type of air intake filter. Also, 
the pressure drop to the intake mani- 
fold is lower. 


Hydraulic Fluid in a Closed Circuit 


Hydraulic power and control sys- 
tems present special problems, and 
general rules do not anticipate every 
situation. However, they may simplify 
the preliminary selection. 

There should be a filter on the reser- 
voir vent or breather opening to pre- 
vent the entrance of airborne dust and 
droplets of water. 

The full flow of the main pump, 
or each principal pump, should be fil- 
tered. The degree of filtration required 
is about 1 to 4 microns if the working 
clearances of valves, pistons, and other 
parts are typical. 

Preferred location of the main filter 
is on the pressure side of the pump, 
Fig. 5, either ahead of or after the 
pressure regulating valve. 

The element size to handle main 
pump output should allow about 15 to 
20 sq in. of effective area per gpm of 
flow. This assumes the hydraulic fluid 
is a light oil with a viscosity of about 
100 SSU at 100 F. In terms of space, 
the filter element occupies about 1.4 cu 
in. of cube space per gpm. Thus, a 50 
gpm pump would need a main filter 
of 70 cu in. bulk. If the element were 
4 in. in dia, it would be about 414 in. 
long. The filter case would be larger, 
and its size would depend partly on 
the output pressure requirements. 

Protection for individual. valves is 
sometimes built into the hydraulic sys- 
tem. For this purpose, a small metal- 
edge filter unit can be placed in the 
line immediately ahead of each critical 
valve. The element spacing may vary 
from 0.0015 to 0.008 in. depending 
on required projection. 


Diesel Engine Fuel Filtration 


Dirt in diesel fuel oil—even in the 
micronic size range—can cause much 
damage. Injection pumps gall, wear 
and lose their accuracy. Nozzles get 
plugged and burn. 

Filters in the fuel line protect the 
injection pump and although there is 
no obvious source of contamination 
further along, individual filters are 


Fis 


Allow room for 


filter case out- 


Fig. 4— Approximate element volume in 
terms of cube space occupied. This value 
will be inereased by an arbitrary amount 
when space is allotted for the filter, de- 
pending upon the case type used. 


often placed ahead of each injection 
nozzle to stop stray bits of metal, dirt 
or other material that could foul the 
nozzle, Fig. 6. Some injection nozzle 
assemblies include specially designed 
built-in metal-edge elements. 

Filter sizes for diesel engine fuel 
lines should be generous in terms of 
flow rate. Some engines recirculate a 
large amount of fuel in proportion to 
their actual consumption. In the selec- 
tion of size required, the length of 
operating interval between element re- 
placements is usually the guiding fac- 
tor. 


Lubricating Oil for Diesel Engines 


Some diesel engines are designed to 
use a fairly large portion of the flow 
of lubricating oil for piston cooling. 
Others do not, so two engines of the 
same size and horsepower may have 
radically different filtration problems. 
Fig. 7 shows schematics of full flow 
and bypass systems. 

Full flow should be considered if 
the engine is to operate under dusty 
conditions. However, if the amount 
of oil circulated for cooling purposes 
would make a full flow installation 
impractical from a cost or size stand- 
point, the guiding consideration 
should be to pass as much of the oil 
flow through the filter as possible. 

Micronic elements should have 


Line filter on suction side of pump 


Tank 


Suction - side filter in tank 
, without cose 


Filter on pressure side 
of pump 


Fig. 5—Filter location for closed loop sys- 
tems.—(A) and (B) are not recommend- 
ed for fluids that become viscous and stiff 
but they do offer pump protection. (C) 
Recommended method. A sump-type filter 
can be located on the suction side of the 
pump for system protection. 


about a 15 micron degree of filtration. 
Element size runs about 100 cu in. 
of space per 50 hp of engine rating. 
In terms of flow rate, these filters may 
run about 26 cu in. of space per gpm. 


Filtering Machine Tool Coolants 

Machine tools—especially grinders 
—use liquid coolants for carrying away 
metal that is removed from the work- 
piece. Heavy chips will fall out into 
a settling tank, but fine metal dust may 
require filtration to remove it. Left in 
the coolant stream, this dust could 
cause pump wear or could interfere 
with the quality of work. 

In a typical installation, a pan or 
tray gathers used coolant and acts as 
a place where heavy chips gather. A 
screen will usually be provided at the 
drain through which coolant returns 
by gravity to a tank. Coolant is filtered 
as it is drawn from the tank for recir- 
culation. Filtering removes the solids 
held in suspension. 

Either metal-edge type filters, paper 
or other material element filters or 
both may be used. If both, then the 
metal-edge unit would normally go on 
the suction side of the circulating 
pump to protect it from wear. The 
element filter on the delivery side of 
the pump protects the work from the 
harmful effects of very fine grit in the 
coolant stream. 
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Fig. 6—Typical diesel engine fuel filtration system. 
Note small metal-edge filter elements used to protect 
injection nozzle assembly from contaminant damage. 
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The pressure drop of any filter in 
the suction line should be low enough 
to prevent a high vacuum forming at 
the pump intake. The pressure drop 
through a loaded filter element may 
well exceed 5 or 10 psi; such a drop 
would cause most circulating pumps 
to cavitate and cease functioning. 
Thus, if a paper element type filter is 
used, it should be replaced as soon as 
the pressure drop at normal flow in- 
creases to 3 to 5 psi, depending on 
the vacuum the pump can draw. 

When the tank is to accumulate 
and store a relatively large quantity of 
solid material with minimum servicing 
or interruption of production, a metal- 
edge filter with a knife blade cleaning 
is a better choice. When the pressure 
drop rises because of the accumulation 
of grit and metal, a few turns of the 
handwheel will shear off the material 
and restore the original low pressure 
drop. 

The bulk of material that will be 
accumulated in a knife-cleaned unit 
has to be estimated in advance to select 
filter size. This can be done by centri- 
fuging a sample coolant containing a 
typical load of solid and estimating 
the amount of material separated out. 
Knowing this, an extra large case can 
be selected, if necessary, to increase the 
time interval between emptying ac- 
cumulations from the filter. 


First stoge filter may be 
on suction side of pump 


Lube oil header 


Engine 


Engine 


The filter on the delivery side can 
be selected in terms of flow and initial 
pressure drop if there is no available 
experience to guide this choice. 
Normally a unit that will pass the re- 
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Fig. 7—Typical diesel lubricating oil systems—(A) Full flow to 
offer maximum engine protection.—(B) Bypass system used when 
full flow would be too costly or large to handle the large flow rate. 


quired flow with a pressure drop be- 
tween 1 and 1.5 psi when clean will 
do a satisfactory job. Higher pressure 
drops, for specific installations, have 
been tolerated. 


GLOSSARY OF FILTRATION TERMS 


BACKWASH—To clean a filter by revers- 
ing direction of flow through it. 

BACK PRESSURE—The pressure drop 
across a filter through flow conditions. 
BLEEDER—A system that passes part of 

the main flow through a filter. 


CAKE—Mass of impurities as they form on 
a filter unit. 


CARTRIDGE—Replaceable filtering device. 
CONTAMINANT—An impurity—anything 
in the fluid that should not be there. 
DIFFERENTIAL—The pressure 
across a filter under flow conditions. 
DISCHARGE—Flow rate through a filter. 
DRAFT—Taper that increases drainage in 


back of a filter surface—usually referring 
to metal elements. 


DRAINAGE—Area available for handling 
flow after filtration. 


drop 


DUST—Suspended solid impurities in air— 
usually powdered earth. 


EDGE FILTER—A filter that has shearing 
edges which separate solids from a fluid. 


EFFECTIVE AREA—Area of the filtering 
medium presented to incoming flow. 


ELEMENT—A filter unit that can be re- 
placed as an insert in a filter housing. 


EXTENDED AREA—Principle of folding 
the element to provide more effective area 
than would otherwise be possible. 

FILTER LIFE—Span of operation from 
clean unit to complete plugging—measured 
usually in hours of operation. 
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FILTER MEDIUM--The material that 
performs the actual process of filtration. 
FILTRATE—Liquid that 

filter. 

FLOW RELIEF VALVE—Bypass valve 
that insures flow in event the filter element 
becomes plugged. 

FLUSH—To clean the residue from a filter 
element hydraulically by washing action. 

FULL FLOW —System that provides for fil- 
tering all the oil that is pumped into the 
machine or engine. 

HOUSING—Container for a filter element. 

IMPURITY—Any undesirable material in 
the fluid. 

PLUGGED—Condition of a filter when it 
has collected its full capacity of contami- 
nants and will not pass any more fluid. 

PRESSURE DROP—Across a filter—the 
difference between inlet and outlet pres- 
sures. 

SCRAPER—The knife blade used to clean 
the surface of a metal filter while it is in 
operation. 

SLOT AREA—Sum of the areas of all the 
fluid-path openings in a filter. 

SLUDGE—Mud, mire, dirt, carbon and 
chemical compounds as found in engine 
lubricating oils. 

SOLID SUSPENSION—A mixture of sol- 
ids in a liquid—constituted in such a way 
that the solids will not settle out. 

TURN-OVER—Number of times the con- 


tents of the system pass through a filter 
per unit time. 


flows out of a 
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Fig. 1 —Piain bearing similar to one analyzed in the example. Bearing clearance 


is exaggerated so that the eccentric displacement, e, 


of the shaft in the bearing 


clearance can be visualized. In the enlarged view, the eccentricity is shown in 


relation to the clearance circle. 


Analysis 


of Plain 


Journal Bearings 


Method of analysis of journal bearings which has both an- 


alytical and experimental support. Also, methods of estima- 


ting film thickness, friction oil flow, effect of elastic deflection 


and misalignment, and bearing operating temperature. 


G. B. DUBOIS 
F. W. OCVIRK 


NORMALLY, THE ANALYSIS of plain 
bearings requires extensive mathemat- 
ical calculations and the use of basic 
experimental data. Leakage, bearing 
temperatures, friction and other factors 
are usually arrived at by trial-and-error 
methods. The following method per- 
mits the rapid calculation of plain 
bearings through the use of charts that 
have both analytical and experimental 
verification. 

The method of solution indicated 
in the article was developed by the 
authors in the course of a research 
project conducted at the Machine De- 


sign Laboratory, School of Mechanical 
Engineering, Cornell University, Ith- 
aca, New York, under the sponsorship 
of the National Advisory Committee 
for Aeronautics. The charts are based 
on experimental and analytical data 
published by the NACA in TR 1157. 

To illustrate the use of the charts, 
a step-by-step bearing analysis of an 
example similar to Fig. 1, is given 
using one assumed temperature and 
one clearance. The basis of the analysis 
is the load number 


a C UBL BAI FEM 
1/C = î p) (т) 


which is derived from the Short Bear- 
ing Approximation (See page F-21). 


Example; Calculate the performance of 
a bearing 2 in. dia, 114 in. long, carry- 
ing a load of 1,800 lb at 2,400 rpm, 
with a diametral clearance of 0.003 in. 
Assume SAE 20 oil at 180 F outlet 
temperature and an oil inlet pressure 
of 40 psi. Assume specific heat of oil 
to be equal to 0.42. Specific gravity= 
0.862. 


. SAE 20 oil at 180 F 
= 12 centistokes 

. Viscosity in centipoise 
= centistokes X specific gravity 
= 120.862 = 10.33 centipoise 

3. Viscosity in reyns 

= сепёіроіѕе х 1.45 10-7 
= 10.33 < 1.45 х 10-7 = 1.5 х 10-6 reyns 


. Load number 
1 p 


-p (cay (DY 
C, wN'\D (2 
p= P/LD=1,800/(1.5 2) = 600 pst 
и = 1.5X 10-* reyns 
№! = 2,400/60 = 40 rps 
(са/ р)? = (0.003/2): =2.25X 10+ 
(D/L)? = (2/1.5)? = 1.78 
1/C,, =40 


. Eccentricity ratio from experimental 


curve of Fig. 2 » — 0.86 


. Minimum oil film thickness hmin 


(assuming shaft and bearing remain 
parallel) 


hmin =C, (1—n) 
=0.0015 (1—0.86) =0.000210 in. 


7. Friction torque at no load T, 


T,. =e pN' L D*/c, 
_ (9.87) (1.5% 10-*) (40) (1.5) (2)? 
L 0.003 
— 2.36 Ib-in. 
. Friction ratio (T /T,) 
from Fig. 5 — 1.48 


. Friction torque on stationary mem- 
ber T wearing 


T rearing = To (T/T .) = 2.86 (1.48) 
= 3.5 lb-in. 

Load couple = Per Naor 

(пә, is lateral component from Fig. 4 
for n 0.86) 

- 1,800 (0.0015) (0.35) — 0.95 Ib-in. 

Friction torque on rotating element T jn: 
T jnt=Torgt Per па, 
=3.5+0.95 = 4.45 lb-in, 


. Horsepower loss 


=2 т N' T;/(550X 12) 
=2 © 40 (4.45) /(550X 12) =0.17 hp 


11. Heat generated 
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NOMENCLATURE 


specific heat of oil 


diametral bearing clearance in. 
clearance ratio in./in. of dia 
radial clearance =c,/2 in. 


capacity number = aN” (2) (2) 
р Cd D 
QM 2 
load number = -2 (5) (2) 
uN' XD L 
1 


inlet oil pressure number =; Po 
n P 
bearing diameter 
eccentricity 
minimum oil film thickness at point of 
closest approach if shaft and bearing 
are parallel 
hmin =Cr—e =c; (l-n) 
peak pressure ratio in oil film 
k= Pmaz/P 
bearing length 
length-diameter ratio 


=hp X 42.4 
= 0.17 X42.4=7.18 BTU/min 


12. Inlet oil pressure number 1/« 


z(1/C, (Po p) 
z 40 (40/600) — 2.67 


rating, n 


14. Oil flow factor 4 
from Fig. 5 0.32 
14. Oil flow rate Q 
Q-q(r D Lc, N!' 1)/2 
= ().32 (a) (2) (1.5) (0.003) (40) (0.86) /2 
= ().156 cu in. /sec 


= 0.156 < 60 X 0.036 X 0.862 
= 0.29 lb/min 


Eccentricity 


15. Heat removed by oil flow 
(assuming oil inlet temp of 120 F) 


H =w с (tour—tin) 
= (0.29) (0.42) (180 — 120) 
—7.3 BTU /min 


Since the heat removed by the oil 
flow (7.3) is larger than the heat gen- 
erated Eq (11) (7.18), the bearing 
operating temperature will stabilize 
below 180 F. 

2.0 


16. Peak pressure ratio Ё 
from Fig. 6 — 4.05 


a 


17. Peak pressure pmax 


T 
To 


=k p= (4.05) (600) = 2,430 psi 


o 


Fig. 3— Variation of frietion ratio with 
load number. Multiplying this by the 
Petroff friction at no load gives the 
bearing friction. Friction torque on 
the journal is larzer than on the bear- 
ing since it includes the load couple 
caused by the load multiplied by the 
lateral component of eccentricity. It is 
the larger friction torque on the ro- 
tating member which generates heat 
and causes power loss. 


Friction ratio, 
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eccentricity ratio =e/c, 
rotative speed 
rotative speed 
unit pressure on projected : 
p=P/LD 
inlet oil pressure 
total load 
oil flow factor from Fig. 5 
oil flow 
Q=q (x DL ca N’ n)/2 


friction torque 


stationary element T =T, (T/T 


rotating element = T +P €, Naor 
Nhorizontal ÍrOM F ig. 4 


friction torque at no load and zero 

eccentricity 

Т,= (т? ы № І, D*)/c, (Petroff) 

friction ratio from Fig. 3 
viscosity in centipoise 
viscosity in reyns —Z (0.145) 10-5 
attitude angle from Fig. 4 
specific gravity 


—— -£ffect of misalignment 
| elastic deflection 


I 
|“-£ecentricity ratio at the ends 
“Experimental curve | 

--Analyfica! curve | 

| 
| 
| 
| 


| | + 


30 40 50 


I 
Lood number & e 


Analytical curve 





rpm 


rps 


cu m/sec 


dyne sec /cm? 
Ib sec /in? 


dez 


Fig. 2—Eccentricity ratio plotted against load number. A practical value of n 
can be obtained from the experimental curve rather than the analytical curve if 
the load number is known. Eccentricity ratio at the bearing ends is increased 
by elastic deflection or misalignment and calculated corrections can be made. 


This curve is illustrative since amount of correction depends on the bearing. 


c 

— — - 
— — —— 
| I 








Eccentricity Rote, n 


Rotation ~ 


\ 
\—-—Ало/у?/со/ сигуе 


Load line 


Effect of Bearing Clearance 


Upper and lower limits of bearing 
clearance should include manufactur- 
ing tolerances, and an allowance for 
wear. It is the bearing clearance at run- 
ning temperature that is desired, and 
if the bearing material has a different 
coefficient of expansion than the shaft, 
such as that of aluminum, an estimate 
of this effect should be included. Since 
the clearance term is squared, these 
factors often cause a four to one 


Oil flow foctor,q 


Fig. 4 — Experimental data 
for eccentric ratio are plotted 
in polar coordinates. Enlarge- 
ment of clearance circle in 
Fig. 1. The attitude angle of 
shaft displacement can be de- 
termined if n is known. 


change in load number. Each change 
of clearance effects the operating tem- 
perature and requires new calculations. 


Bearing Temperature 


The performance characteristics are 
directly obtainable if the operating 
temperature of the oil film is known. 
This can be obtained by a thermo- 
couple imbedded in the bearing sur- 
face or by oil outlet temperature before 
dilution. 

If the operating temperature is un- 


- Single oí! hole 
opposite load 


Fig. 5—Oil flow factor plotted against inlet oil pressure number. Oil flow factor 
is multiplied by a caleulated volumetric displacement of oil per sec to obtain 
the estimated total oil flow from a pressure lubricated bearing. Curves are for 
bearings with a single oil hole opposite the load and with an axial groove 
through the oil hole. Example assumes single oil hole opposite load. 
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known, an estimate of temperature can 
ре made by calculating pertormance 
at two Of more assumed temperatures 
and drawing a heat balance diagram 
similar to Fig. 7. The intersection 
point gives a maximum temperature 
assuming that heat losses other than 
to the oul flow are negligible. This ap- 
proximates a maximum operating tem- 
perature under severe conditions in 
hot surroundings where conduction, 
radiation and convection cooling 
effects are small. 

In the absence of a known tempera- 
ture, the upper and lower temperature 
limits can be assumed, representing 
the desired or allowable range. The 
lower limit should be above the oil 
inlet temperature. Temperatures such 
as 100 and 180 F may be assumed 
using a columnar calculation form. The 
heat balance diagram will indicate the 
location of a third trial. 


Heat Balance of Bearing 

In some instances, data may be 
available for estimating the heat re- 
moved by conduction, convection and 
radiation by reference to the heat bal- 
ance diagram of a similar application 
in which the running temperature is 
known. The portion of the heat gen- 
erated that is removed by the oil flow 
varies from zero in bearings having 
no oil flow to nearly 100 per cent in 
applications—such as internal combus- 
tion engines—where the temperature 
of the surrounding walls approximates 
the bearing temperature. 

In severe applications in hot sur- 
roundings it may be acceptable to as- 
sume that all the heat is removed by 
the oil flow. This gives a maximum 
operating temperature that will be re- 
duced somewhat by any other heat 
transfer present. This assumption sim- 
plifies the heat balance diagram even if 
complete information is lacking. Un- 
avoidable variations in bearing clear- 
ance have a marked effect on bearing 
temperature so that precise estimates 
are impractical. 


Oil Grooves 


The increase in oil flow obtained by 
an axial oil groove on the unloaded 
side is indicated in Fig. 5. The groove 
increases the area for oil admission to 
the bearing but is shorter than the 
bearing length to provide a seal to 
maintain oil pressure. The use of an 
axial groove reduces the operating 
temperature, as shown in Figs. 5 and 7, 
by increasing the oil flow. 
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Oil Starvation 


If the value of the oil flow factor, q, 
is less than 1, the inlet oil flow rate 
is less than the theoretical volumetric 
displacement flow rate issuing from 
the 180 deg of the converging wedge. 
This indicates that either the entering 
corners of the converging wedge are 
unfilled, or that some oil leaving the 
bearing returns to enter the diverging 
wedge by way of a bead of oil at the 
bearing ends. Partial starvation is evi- 
dently fairly common and causes only 
a small loss in load capacity since the 
empty entering area contributes little 
to oil film pressure. 





Pmox 


Зы 
~~ Analytical curve | 


Peak pressure rotio, k 





30 40 50 60 70 
Effect of Elastic Deflection 1 _p [ca 
Load number c TANI TD 

As shown in Fig. 8, the effect of n 
shaft deflection may be either a curva- 


Fig. 6—Analytical peak pressure in the oil film in relation to the pressure on 
ture of the shaft within the bearing 


the projected area against the load number. 


Background of Load Number 


The charts are plotted against a basic vari- 
able, the load number, which draws upon the 
combined equations and solutions of Reynolds, 
Sommerfeld, Mitchell and the Short Bearing 
Approximation. 

The primary basic variable is the bearing 
characteristic number ZN/p, where Z is the 
viscosity in centipoises and N in revolutions 
per minute. This variable is useful for any 
given bearing, but changing the clearance and 
the length-diameter ratio shifts the curve. 

The Sommerfeld solution multiples the above 
variable by the clearance ratio term, (D/ca)?, 
and gives viscosity in reyns, ^, and N in revo- 
lutions per second. The Sommerfeld number, 
(#N'/p) (D/ca)* is based on a solution of 
the Reynolds equation in which the term 
related to endwise flow of oil in the bearing 
is neglected to permit an integration. The num- 
ber theoretically applies best to a bearing of 
infinite axial length where the endwise flow 
of oil is negligible. 

The possibility of a second solution which 
would include endwise oil flow and which would 
apply to narrow bearings was a suggestion by 
Mitchell. Originally it was thought that the 
solution neglected the entire circumferential oil 
flow. However, it was found that dropping the 
other term in Reynolds’ equation retained a 
considerable part of this flow and the solution 
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is now known as the Short Bearing Approxi- 
mation (NACA TR 1157). 

The solution includes the endwise flow and 
that part of the circumferential flow caused 
by rotation and film thickness; neglecting only 
the part of the flow caused by the effect of the 
pressure gradient on the circumferential flow. 
The effect of the neglected term is minimized 
in narrow bearings and the Short Bearing Ap- 
proximation is useful where the length to diam- 
eter ratio is one or less. The solution multiplies 
the Sommerfeld Numbers by (L/D)? to arrive 
at a capacity number. 

The Short Bearing Approximation omits the 
negative half of the mathematical pressure dis- 
tribution in the oil film which does not appear 
to exist experimentally. Experimental data at 
Cornell University on bearings of L/D of 14, 
L^ and 1 show reasonable agreement with the 
analytical curves of the Short Bearing Approxi- 
mation (NACA TR 1157). 

The load number is derived analytically in 
the following form by the Short Bearing Ap- 


proximation. 
( 1 — п?)? 1/2 
r 5 | (1) 


СОС 5 
— 
1 Ca D 
Load Number =— = L9G y (2) 
С aN 





length, or an angular misalignment. 
In either instance, the effect is to in- 
crease the eccentricity at the bearing 
ends as shown in Figs. 8 (A) and 
8 (B). While this increase is numeri- 
cally small, it represents an appreciable 
effect on the eccentricity of the shaft 
in the bearing clearance. The correc- 
tion to be applied depends on the con- 
ditions of the application involved. 

If the shaft is deflected in an elastic 
curve but remains parallel with the 
bearing axis, Fig. 8 (A), the height 
of the deflection curve within the bear- 
ing length can be estimated. Assuming 
the deflection curve to be a fourth 
order parabola, 4/5 of the deflection 
curve height gives the displacement 
from the average straight line location. 

For angular misalignment, Fig. 8 
(B), the deflection curve slope may be 
calculated and the displacement in 
one-half of the bearing length esti- 
mated. For both Figs. 8 (A) and 8 
(B), dividing the displacement by the 
radial clearance converts it to an in- 
crement of eccentricity ratio. This is 
plotted in Fig. 2 as a point above the 
experimental line corresponding to the 
eccentricity ratio at the end of the 
bearing for that load and speed. 

The line indicating the eccentricity 
at the bearing ends will intersect the 
top line of the chart where » equals 
1 at a finite load number. The analyti- 
cal curve extends to infinity. The inter- 
section point is probably related to the 
hook point found on friction curves 
where metallic contact causes a sharp 
increase in friction. 

This may appear to be severe, con- 
sidering that soft bearing materials 
mav run-in to conform with a steady 
deflection curve. Also, the bearing 
mounting may be designed to counter- 
act shaft deflection. However. the de- 
flection caused by sudden load in- 
creases evidently causes this phe- 
nomena. 


Load Number for L/D above 1 


In using the load number, it should 
be noted that the experimental data 
shown in the curves are limited to the 
range of L/D from V4 to 1. Later ex- 
perimental data (NACA TN 3491) 
indicate that the eccentricity ratio 
chart, Fig. 2, can be used for L/D 
greater than one, if a value of one is 
substituted for the (D/L)? term in 
the load number. However, the 
(D/L)? term should be included for 
use on the friction and oil flow charts 
for L/D greater than one. 
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Increase in oil 
flow due to oil 
grooves ~_ 


Heat removed by 


BTU per min 


Oil inlet 
temperature. 


Ambient. ] 
^ 


— 


oll flow (Per Fig. 5)~_ 


„Нед? generated by friction 
T (Per Fig.3) 


--—Max femperafcre, no 
cooling other than 
oil flow 


„Heat removed by conduction, 
7/1 convecrion, radiation (undetermined) 


^^-Мах temperoture, 
no oil cooling 


Oil film temperature, F 


Fig. 7—Schematic heat balance diagram. This is used to estimate the probable 
maximum oil film temperature based on the heat generated and heat dissipated. 


Fig. 8—Shaft deflection 


r---Deflecfted journal! axís 


r---Eccentricity at bearing end 
r-Average position of journal axis 


К K ‚ 
E +-&-Total bending 
7 «y . deflection 
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Fig.8 (A) 


Bearing axis 


^ Average position of journal axis 


,Deflected journal axis 


,Average eccenfricify,e 


i 
-—£ccentricity at bearing end 


Y 


+, 


` t 
v6 - Deflection >= Ө 


Fig. 8 (8) 


may be either shaft curvature within the bearing or 


angular misalignment. (4) and (B) illustrate the effect of elastic deflection and 
misalignment on the eccentricity ratio at the ends of a bearing. 


Product Design Handbook Issue 





E MECHANICAL PARTS AND DESIGN ANALYSIS 


AISI Standard Alloy Steel Compositions 


THE RANGES AND LIMITS in this table 
are as revised by AISI, February 1954. 
They apply to openhearth and electric 
furnace alloy steels in the form of bars, 
billets, blooms and slabs not exceeding 
200 sq in. in cross-sectional area, or 
18 in. in width, or 10,000 lb weight 
per piece. 

All chemical ranges and limits are 
subject to the standard variations for 
check analysis over or under specifica- 
tion. 

Numbers with prefix E are generally 


AISI 
Number 


1330 
1335 
1340 
1345 
2317 
2515 
E2517(a) 
3120 
3130 
3135 
3140 
жол) 
E3316(a) 
TS4012 
4023 


OW eee ae Ww 


4028(b) 


4032 
4037 
4042 
4047 


4053 
4063 
4068 


4118 
4130 
TS4130 
TS4132 


4135 
4137 
TS4137 
4140 
TS4140 


4142 
TS4142 
4145 
TS4145 
4147 
4150 
TS4150 
4320 
4337(c) 
4340 
E4340 
4608(d) 
4615 
4617 
4620 


X4620 
4621 
4640 


TS4720 


4812 
4815 
4817 
4820 


5015 
5046 


5117 
5120 
5130 
5132 


осоро OoOoocooOocococoOoocococoocoooocooooooocooooocooooooocoooooooococococococo ее е ОООО 
دی دت‎ о وین‎ © кыен на а а кеше 


©0000 0000000 000 0000 0 000 0 000000 00000 0000 ое Оооо соеее ее oooo ее о ке 


(a) When this steel is made in openhearth furnaces the manganese is 0 
(b) Resulphurized steels; sulphur is 0.035 to 0.050 per cent except in 8641 where it is 0.40 to 0. 


©0000 30003030 00000 060 0 ۰0 


made in basic electric furnaces and 
unless otherwise noted the following 
specifications hold: Phosphorus 0.025 
per cent max, sulphur 0.025 per cent 
max, silicon 0.20 to 0.35 per cent. 

Numbers without letter prefix are 
ordinarily made in basic openhearth 
furnaces and unless otherwise noted 
the following specifications hold: Phos- 
phorus 0.040 per cent max, sulphur 
0.040 per cent max, silicon 0.20 to 0.35 
per cent. 

Specification limits for the acid elec- 


AISI 
Number 


5135 
5140 
5145 
5147 


5150 
5152 
5155 
5160 


E50100 
E51100 
E52100 
6117 
6120 
6145 
6150 


TS8115 
TS8117 
TS8120 
TS8122 
TS8123(b) 
TS8125 
TS8126(b) 
TS8127 
TS8128(b) 
8615 
TS86!5 
8617 
TS8617 
8620 
TS8620 
8622 
TS8622 
8625 
TS8625 
8627 
TS8627 


8630 
8635 
8637 
8640 


8641(b) 
8642 
8645 
86B45(f) 
8650 
8653 
8655 
8660 


8715 
8717 
8720 
8735 
8740 
8742 
8750 


9255(e) 
9260(e) 
9261(e) 
9262(e) 
F9310 
E9314 
9840 
9845 
9850 


O0000 0000 0000 0000 3000000 00000 0 000 000 0000 0 0° 
O00 000000 0000000 0000 0G 000 осоро оооооооооеее БЕ ooooo oo ooo Оооо oooo 
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tric and acid openhearth processes are: 
Phosphorus 0.050 per cent max, sul- 
phur 0.050 per cent max, silicon 0.15 
to 0.35 per cent. 

In all processes the maximum al- 
lowable quantities of unspecified and 
incidental elements are as follows: 0.55 
per cent copper, 0.25 per cent nickel, 
0.20 per cent chromium and 0.06 per 
cent molybdenum. 

Numbers with prefix TS represent 
tentative standards designed to con- 
serve strategic alloys. 


ooooooooo 
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40 to 0.60 per cent. 


60 per cent. 


(c) When this steel is made in electric furnaces the manganese is 0.65 to 0.85 per cent. 
(d) Silicon is 0.25 per cent max. 

(e) Silico-manganese steels; silicon range is 1.80 to 2.20 per cent. 

(f) This steel can be expected to have 0.0005 per cent minimum of boron. 
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From: Steel Founders’ Society 


Minimum Standard 


for Carbon Steel Castings 


THIS RECOMMENDED minimum stand- 
ard, adopted by Steel Founders’ Society 
of America, is applicable to steel cast- 
ings commonly referred to as “com- 
mercial carbon steel castings” (readily 
weldable grade). 

This minimum standard shall apply 
only when no customer specification, 
calling for another order of quality, is 
made a part of an order. 

It cannot be too strongly emphasized 
that the requirements of this standard 
are suggested minimums, and that they 
are not intended to influence in any 
way the production of castings which 
are improvements on these minimums. 

It is the intent of this recommended 
minimum standard that all clauses ap- 
ply unless otherwise agreed upon by 
producer and customer. 


A—Material and Workmanship 


A-1. The castings shall, as determined 
by visual examination, be free from 
cracks, shrinkage cavities, hot tears, 
swells, scabs, blowholes, and pinhole 
porosity, that impair the utility of the 
castings. 

A-2. Castings shall be free from sand 
and scale on all surfaces to the extent 
that normal machining operations can 
be performed without the necessity for 
further cleaning by the customer. 


B—Detail Requirements 


B-1. Castings shall have gates and 
risers removed in such a manner that 
no riser or gate stub projects beyond 
the casting design contour in an 
amount that would exceed the values 
given in Table I. 

B-2. The removal of gates and risers 
shall not produce depressions which 
are more than ¥ in. below the casting 
design surface; except that for castings 
having risers greater than 20 in. maxi- 
mum dimension the depression shall 
not be more than 1⁄4 in. below the cast- 
ing design surface. 
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B-3. The responsibility for furnishing 
castings that can be laid out and ma- 
chined to the finished dimensions, 
within the tolerances given and with- 
out further straightening by the cus- 
tomer, shall rest with the foundry only 
if both a pattern and drawings are fur- 
nished. If the foundry is furnished a 
pattern without accompanying draw- 
ings, the foundry fulfills its responsibil- 
ity as to casting dimensions by furnish- 
ing castings which are true to the 
pattern. 

B-4. Castings shall be within a weight 
limit of plus 5 or minus 3 percent. 


C—Heat-Treatment 


C-1. Pyrometric equipment shall be 
used to enable the heat-treating proce- 
dures given in C2 to C4 to be satis- 
factorily carried out. Pyrometric equip- 
ment shall be maintained in accurate 
condition at all times. Checks for ac- 
curacy shall be made at least once each 
30 days. 
C-2. Castings shall be heat-treated by 
one of the following three methods at 
the option of the manufacturer: 

a. Full Annealing. 

b. Normalizing. 

c. Normalizing 
(stress relieving). 
C-3. Heating. Regardless of the heat- 
treatment employed, the castings shall 
be uniformly heated to a temperature 
above the transformation temperature 
and shall be held at this temperature 
for a sufficient length of time to refine 


and tempering 


Table I—Maximum Projection 
of Riser and Gate Stubs 


Riser or Gate | Max. Projection, 
Max. Dimension, In. | in. 
Up to 4 | 
4 4- to 8 | 
8 4- to 20 | 
20 + to 30 | 
Over 30 


the grain. The temperature difference 
between the hottest and coolest part of 
the charge during the holding period 
shall not be greater than 75 F. For in- 
formation on the transformation tem- 
perature for commercial carbon steel 
castings see Fig. 283, page 209 in the 
Steel Castings Handbook, 1950 Edition. 
C-4. Cooling. The castings shall be 
cooled as follows: 

a. Full Annealing. Castings shall be 
cooled slowly in a closed furnace from 
the annealing temperature. When the 
temperature of the furnace has fallen 
to 1000 degrees the castings may be 
removed and cooled in air. 

b. Normalizing. The castings shall 
be removed from the furnace and 
cooled in air. 

c. Tempering (stress relieving). 
Castings shall be heated to a tempera- 
ture below the lower critical and held 
at this temperature for not less than 
one hour. After the heating period the 
castings may be furnace or air cooled. 


D—Repair of Defects 


D-1. The welding of steel castings, 
whether for repair of defects or addi- 
tion of other structures, is permitted 
at any point in their processing pro- 
vided the following conditions are 
complied with: 

a. The defect shall be thoroughly 
and completely removed. 

b. The area to be welded shall be 
clean and free from sand and scale or 
other extraneous material. 

c. The welding shall be performed 
in accordance with the procedures 
stipulated in the SFSA Recommended 
Practice for the Welding of Steel 
Castings. 


E—Methods of Sampling, Inspec- 
tion and Tests 


E-1. Ail castings shall be surface in- 
spected for defects and surface appear- 
ance after final cleaning for shipment. 
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Table II—Mechanical Property Requirements 


Mechanical properties shall be determined on the standard 0.505 in. dia tensile test bar, 
either with or without threaded ends. 


Yield Point 


Tensile Strength | 
Minimum, psi 


Minimun, psi | 





60,000 | 30,000 


Elongation in 2 in., | Reduction in area, 
95 Minimum % Minimum 


24 35 


Table III—Chemical Analysis Requirements 


Composition—Maximum Per Cent 


Mn* 
0.70 


Sit P 
0.80 0.06 


0.06 


Mo** 
0.20 


Cr** 
0.25 


Ni** 
0.50 


Cu** 
0.50 


*For each reduction of 0.01 per cent carbon under the maximum specified, an in- 
crease of 0.04 per cent manganese above the maximum specified will be permitted. 


tMinimum silicon permitted is 0.25 per cent. 
**Total content of these unspecified elements shall not exceed 1.00 per cent. 


E-2. Representative castings from each 
order or lot shall be inspected for ad- 
herence to tolerances. 

E-3. It is recommended that for cast- 
ings in lots of 50 or more, castings 
should be inspected by destructive or 
non-destructive tests to ascertain 
whether they are as sound as ASTM 
Radiographic Standards, E-71, Class 4. 
E-4. One tension test shall be made 
from each heat in each lot. The design 
of such test coupons shall be the Stand- 
ard ASTM Test Coupon illustrated in 
ASTM Tentative Methods and Defini- 
tions A370-53T. If any test specimen 
shows defective machining or develops 
flaws, it may be discarded and another 
specimen substituted from the same 


lot. The term “lot” shall be considered 
as all castings in a heat subjected to the 
same heat-treating procedure. After 
meeting acceptance tests for ten con- 
secutive heats used for making castings 
of any one grade, the manufacturer 
may assemble the castings from suc- 
ceeding melts in groups of five heats 
each. The castings in eack. such group 
shall be accepted on the basis of one 
test specimen taken from every fifth 
heat, provided that the chemical anal- 
ysis of all the heats in the group falls 
within the range established by the 
first ten consecutive acceptable heats 
and all subsequent heats that are physi- 
cally tested and found acceptable. If 
this test fails, the heat may be requali- 
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fied by using another specimen, and 
the four other heats in the group shall 
be tested individually. The same heat- 
treating procedure used for the first 
ten consecutive heats shall be used for 
all subsequent heats. 

E-5. In cases where more than one 
heat is poured into a ladle, the heat 
shall be deemed to be the ladle from 
which the castings are finally poured. 
E-6. The coupon, for mechanical test 
specimens, shall be poured with metal 
which has received deoxidation treat- 
ment identical to that metal from 
which the castings are poured. 

E-7. One tension-test specimen from 
each lot (as qualified in paragraph 
E-4) shall be tested and shall meet the 
minimum properties noted in Table II. 
E-8. When any test specimen shows 
defective machining or obvious lack of 
continuity of metal, it may be discarded 
and replaced by another specimen. 
E-9. In the event two test specimens 
from any lot fail to meet the minimum 
requirements noted in Table II, the 
castings may be re-heat-treated as often 
as desired with a coupon from the heat. 
E-10. Chemical analysis of each heat 
shall be made to determine acceptance 
as noted in Table III. Drillings for 
chemical analysis may be taken from 
broken test specimens, castings poured 
in the heat or from a separate block 
representing the melt. The alloying 
elements Mo, Cu, Ni and Cr need not 
be determined on every heat, but should 
be determined at intervals. 


Power Required to Machine Turn Cast Steel 
Data are based on 0.005 to 0.015 in. feed per revolution 


Cast Steel Speed, fpm | Hp per cu in. per min 


Type Structure 
Annealed 
Normalized 


1020 


Annealed 
Normalized 
Double normalized 


1040 


Normalized 
Annealed 


Annealed 


Normalized and quenched 


Normalized and tempered 


Normalized and spheroidized 


Normalized and spheroidized 


Carbide 
BHN Tools 

200-500 
300-800 
200-500 
200—500 
300-800 
300-800 
200-500 
200-500 
300—800 
300-800 


200-500 
300-800 


122 
134 
175 
190 
185 
225 
187 
160 
175 
175 
200 


210 
300 


High Speed 
Steel Tools 


Carbide 
Tools 
50-100 0.89 
50-100 | 0 
50-100 | 
50—100 
50-100 
50-100 


50-100 
50-100 
50-100 
50-100 
05-100 
50-100 


High Speed 
Steel Tools 


82 
.82 
84 
82 
94 
93 
79 
89 
90 
02 
87 
.93 
.00 


Quenched and tempered 
Quenched and tempered 


Normalized and tempered, 1275 F 
Normalized and tempered, 1200 F 


Annealed 
Normalized 


200-500 
200—500 
300—800 
300—800 


300-800 
300-800 


50-100 
50-100 


50-100 
50-100 


50-100 
50-100 


400 


180 
200 


175 
240 


.07 


. 98 
. 88 


.88 
‚89 


F25 
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Simplified Calibration 
Of Photoelastic Models 


PROBABLY THE MOST COMMON METH- 
OD for determining the fringe constant 
of a photoelastic material is the axial 
load test. This involves performing a 
minimum of three calibrations at dif- 
levels to determine the 
fringe-stress curve. 

However, with the use of the nomo- 


ferent stress 


graph of Fig. 1, a single load on a 
disk in diametral compression can be 
used to calibrate a material. As noted 
by Frocht (Ref. 1), the disk in diame- 


tral compression is a good photoelastic 
dynamometer; the results are in excel- 
lent agreement with theory and the 


model is simple to produce. Further- 
more, it is much easier to obtain a 


stress free specimen than is possible 
with tensile types. 
If the coordinate system shown on 


the chart for the calibration model, is 
adopted, the following equations for 


the stresses along the X axis can be 
found: 

2P 7 @—42*y? 

rtd Е 4 2 


2P | 4d* | 
— — 
rtd .(d?+-42°)? 


Pan =O 
where 
P =total load applied, lb 
d =dia of disk, in. 
t =thickness of disk, in. 
The photoelastic material constant 
can be defined as: 
f=rt/N (2) 
where 


N =fringe order, and 
r -max shear stress 


F26 


JAMES H. FLANAGAN 
Ordnance Materials Research Office 
Watertown Arsenal 


Substituting Eq (1) into Eq (2), 


1—4J* 
f=—- | - | (3) 
1 NdL.(1-4-4/?)? 


where 
J =2z/d 

The expression for f in terms of the 
disk parameters is the one which is 
solved by the accompanying nomo- 
graph. 

To use the nomograph, a fringe 
negative of the loaded disk is required. 
A load sufficient to establish at least 
six fringes is desirable, but a minimum 
of three are necessary. By measuring 
the distance between successive pairs 
of fringes where they cross the X-axis 
of the negative, and dividing that dis- 
tance by the diameter of the disk as 
measured on the negative, values of 
2 X J can be determined for each 
fringe order. This technique effectively 


averages the diametral crossing dis- 


tances and tends to compensate for 
asymmetry if it exists. 

The data, 2 X J, are entered on the 
right-hand side of the chart and the 


corresponding fringe orders on the N 


scale. The function of the curve in the 
right-hand half of the diagram is to 
convert the 2 X J data to K where 
1—4)? 

К = — (4) 
(1-4-4)? 
With corresponding values of № 
and K known, a series of points can be 
plotted that should form a straight 
line from the lower left-hand corner 
toward the upper right. By a best fit 
of the data points, establish the slope 


of the straight line that should now be 
drawn through the origin N = 0, 
K = 0. The point where this line 
crosses the K-axis should be marked. 
The value of W is determined from: 

P 
W=—— (5) 

rd 


Connecting the point W and the 
marked point on the K-axis by a 
straight line, this line is extrapolated 
to the f axis. The material constant f 
is read at the point of intersection. 
When working with “frozen-stress” 
plastics, the scales f,,W/, should be 
used; fo, W'/» are for the standard plas- 
tics at room temperature. If necessary 
the fy, fe scales can be linearly ex- 


tended downward and the K scale 
linearly upward. 

The basis for the design of the no- 
mograph is the linearization of Eq (3) 
through the use of variable K. By se- 
lecting N = 4, for convenience, Eq 
(3) may be written as 


where K’ corresponds to N = 4. 

This equation is a simple product 
form that can be solved by the zee type 
alignment chart, (Ref. 3). 


REFERENCES: 

1. Frocht, M. M., “Photoelasticity,” Vol. 
II, John Wiley & Sons, 1948. 

2. Timoshenko, S., “Theory of Elasticity,” 
McGraw-Hill Book Co., 1954. 

3. Levens, A. S., “Nomography,” John 
Wiley & Sons, 1948. 
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Avoiding Gear Tooth Interference 


Simple, direct method of calculating maximum diametral pitch that can be used with- 
out undercutting or using non-standard tooth forms. Also useful in evaluating the 
strength advantages of pressure angles larger than 1412 deg for a given application. 


REINER J. AUMAN 


Kerns Manufacturing Company 


TWO METHODS are commonly used for checking gear teeth 
for possible interference. One is a graphical technique, 
using a layout drawn several times size. The other is 
analytical; it involves solving an equation like the follow- 
ing (see Fig. 3 for notation) : 


(+ )- (5 ew 8). (215) кіп? 8 (1) 
2 2 | 2 


Having the maximum outside diameter, it is necessary 
to find the maximum diametral pitch (or minimum number 
of teeth). The following equation is frequently used to 
calculate the maximum diametral pitch: 


9 
р=— 


d, — d, 


Both of the methods described above tend to be tedious 
and usually must be repeated several times for any given 
problem since they solve only one set of conditions. If 
standard involute gears are to be used, a direct method 
can be derived that will also make it relatively easy to 
investigate the effects of changing the pressure angle on the 
outside diameters of the gears. 

Using trigonometric substitutions, Eq (1) can be written 
as follows 

1,2 = 1, 424,4, sin? 8 +d, ?вїп? 8 (2) 
Taking the maximum addendum as 1/p, the maximum 
outside diameter becomes 


.-(2+2) (3) 


Substituting Eq (3) into Eq (2) and m for d,/d,, 


2 
Paar“ al JT Om Emi) ain B —1] " 
This equation solves for the maximum diametral pitch 
directly. For further simplification, Eq (2) can be modified 
for solution by substituting 7, /р for d, and m,/p for d,: 


т?, віп? 8 — 4 (5) 


nı min * ——— ———wt⸗ 
4— 2n: sin? 8 


Expressing the righthand side of this equation by £, a 
function of pressure angle, Eq (5) becomes 


nı min =k 


„Аз 


™ min _ k 


Ji? min 7i? min d: m 


: k : 
This states that — must be equal to the gear ratio. 


2 min 


However, both gears have the same diametral pitch 
8 


p n > Ne 
d, d; 


Thus, Eq (6) becomes 


E. k am Ji? min (7) 
d, dm 


D max 


Eq (7) relates all the necessary variables at the extreme 
condition before undercutting and can be represented 
graphically, Fig. 1. This chart can be used to evaluate the 
maximum diametral pitch and also the effect on pitch 
by changing the pressure angle. 

It should be noted that the numbers along the abscessa 
and ordinate of the lefthand chart in Fig. 1 merely repre- 
sent the ratio of the gear train. They can be either pitch 
diameters or numbers of teeth and can be multiples of 
the original values as long as their ratio is unchanged. 


EXAMPLE: Gear set with d, = 8.00 in., d, = 2.00 in., and 
pressure angle 8 = 1414 deg is given. 

SOLUTION: Drawing line III from the origin through the 
intersection of lines I and II, line IV horizontally through 
the intersection of line III and the 1444 deg curve, and 
line V vertically through the intersection of line IV and 
the Z, — 8 line, the maximum diametral pitch is 14.3. 


Since, by definition the maximum limit of d,/d, = 1.0, 
equal sized gears can have the maximum allowable pitch 
for any particular case where center distances are fixed. 

A 1:1 gear ratio is very common, particularly with pump 
gears. Thus, Fig. 2 plots this ratio based on Eq (4) with 
m = 1.0: 


2 

Рен 143 віп 6—1] (8) 

At times, it is desired to use a pitch larger than the 
theoretical maximum allowed. A corresponding reduction 
in the outside diameter to avoid interference is then neces- 
sary. For this purpose, Fig. 3 has been plotted for a 1:1 
ratio, showing the maximum outside diameters that must 
be used. If, for any particular set of gears, the outside dia- 
meter exceeds the one shown in Fig. 3, the amount 
that must be trimmed off to obtain proper meshing is the 
standard do minus the do obtained from graph. 
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Base Pitches for Involute Spur Gears 
In Five Tooth Systems 


JOHN D. HOWELL 


Walker-Turner Division 
Kearny & Trecker Corporation 


INCLUDED IN THE ACCOMPANYING TABLE are values of 
base pitch for the five most commonly used standard in- 
volute tooth systems used in this country and abroad. The 
data are arranged in descending values of base pitch in 
inches from 75 to 0.2 Module (metric, 20 deg pressure 
angle); from 9 to !4& Circular Pitch for both 1442 and 
20 deg pressure angles; and from V5 to 100 Diametral 
Pitch for both 1442 and 20 deg pressure angles. 

The table is headed by values of the base pitch for unit 
diametral pitch, unit circular pitch, and unit module. With 
these data when the gear system is known or assumed, 
the base pitch can be calculated for any Module, Diametral 
Pitch, or Circular Pitch not given in the main table. The 
rules for calculating are: 

1. In any circular pitch system, the base pitch for a 
given circular pitch equals the product of base pitch for 
unit circular pitch and the given circular pitch. 

2. In any diametral pitch system, the base pitch for a 
given diametral pitch equals the base pitch for unit dia- 
metral pitch divided by the given diametral pitch. 


3. In metric module systems, the base pitch for a given 
module equals the product of the base pitch for unit module 
and the given module. 


EXAMPLE 1. Find the base pitch for the 35$ in. circular 
pitch 20 deg pressure angle system. 
SOLUTION 1. Base pitch is 

0.93969 * 3.625 =: 3.4064 іп. 
EXAMPLE II. Find the base pitch for the %@ diametral 
pitch 1444 deg pressure angle system. 
SOLUTION II. Base pitch is 

3.04153 — 0.625 — 4.8664 in. 
EXAMPLE III. Find the base pitch for the 28 
module 20 deg pressure angle system. 
SOLUTION III. Base pitch is 

0.11622 K 28 = 3.2542 in. 


For calculating basic design data from gears of unknown 
origins, the data in the table can be used to supplement 
the method described in “Calculating Design Data from 
Sample Gears” by Alfred Bishop, 1955 Handbook of 
Product Design, page F15. 


metric 


TABLE OF __ TABLE OF STANDARD BASE PITCHES BASE PITCHES 


a Mine Vu ИША 7. nch System 


04153 
95212 
96815 
. 93969 
11622 
95212 
.03700 


1 DP 1414 PA 

1 DP 20 PA 

1 CP (in.) 1414 PA 

1 CP (in.) 20 PA 

1 Module (Metric, 20 PA) 
1 English Module (20 PA) 
1 CP Metric (20 PA) 


7169 75 
7134 . 4 
4572 
. 1358 
7452 
5546 
.5175 


Module 

CP 14145 PA 
CP 20 PA 
Module 

CP 1415 PA 
Module 

CP 20 PA 


“ns © O 00 0 


Inch С 2 v. Ma. | stem 


Module 
CP 14% PA 
CP 20 PA 
Module 
4 DP 14% PA 
4 DP 20 PA 
Module 
CP 1414 PA 
CP 20 PA 
Module 
Module 
CP 144 PA 
CP 20 PA 
Module 
Module 


9735 60 
7770 7 
5778 5 7 
3924 55 
.0831 
.9042 


ь ъъ ь ь ь щл «щл (щл щл щл © © © © © 
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415 
4M 
36 
35 
34 
3 
4 
33 
4 
334 
334 
30 


3% 
314 

27 
зщ 
1 


24 
2% 
234 
22 
14% 
2% 
114 
214 
20 
24 
24 
18 
114 
114 
2 
2 
16 
1% 
1% 
15 
134 
134 
134 
134 
14 
15% 
154 
2 
13 
2 
1% 


On NON NN NN NNN NN WWwWWwwwwwwwwwowrt rr » 5 SH 


st н һә һә һә ы 


System 


CP 14% PA 
CP 20 PA 
Module 
Module 

DP 14% PA 
DP 20 PA 
CP 14% PA 
Module 

CP 20 PA 
CP 1415 PA 
CP 20 PA 
Module 

CP 144% PA 
CP 20 PA 
CP 1414 PA 
Module 

CP 20 PA 
DP 144% PA 
DP 20 PA 
Module 

CP 1414 PA 
CP 20 PA 
Module 

CP 144% PA 
CP 20 PA 
Module 

DP 14% PA 
CP 1444 PA 
DP 20 PA 
CP 20 PA 
Module 

CP 14% PA 
CP 20 PA 
Module 

DP 144% PA 
DP 20 PA 
CP 14! 4 PA 
CP 20 PA 
Module 

CP 14% PA 
CP 20 PA 
Module 

DP 14% PA 
CP 14% PA 
DP 20 PA 
CP 20 PA 
Module 

СР 1416 РА 
СР 20 РА 
DP 14145 PA 
Module 

DP 20 PA 
CP 144% PA 
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1 
1 
1 
1 
5 
1 
1 
1 
1 
8; 
1 
1 
1 
1 
1 
1 
1. 
1 
0 
0 
0 
0 
0 
0 
0 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0 
0. 
0 
0 
0 
0 
0. 
0 
0 
0 
0. 
0. 
0 
0 
0 
0 
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System 


114 CP 20 PA 
12 Module 
214 DP 1415 PA 
134 CP 144 PA 
24 DP 20 PA 
134 CP 20 PA 
11 Module 
215 DP 14!5 PA 
114 CP 1414 PA 
215 DP 20 PA 
114 CP 20 PA 
10 Module 
234 DP 14144 PA 
114 CP 1444 PM 
234 DP 20 PA 
14 CP 20 PA 
9 Module 
3 DP14%PA 
3 DP20PA 
1 CP 1414 PA 
1 СР 20 РА 
8 Module 
15%4 (0.9375) CP 1444 PA 
154 (0.9375) CP 20 PA 
315 DP 14!5 PA 
T$ (0.875) CP 14!4 PA 
314 DP 20 PA 
T$ (0.875) CP 20 PA 
7 Module 
134 (0.8125) СР 14$ РА 
1346 (0.8125) СР 20 РА 
4 DP 14l4 РА 
6.5 Module 
4 DP20PA 
34 (0.750) CP 14!4 PA 
34 (0.750) CP 20 PA 
6 Module 
10% (0.6875) CP 1412 PA 
1% (0.6875) СР 20 РА 
5.5 Module 
5 DP14%PA 
5$ (0.625) СР 141$ РА 
5 DP 20 PA 
5$ (0.625) СР 20 РА 
5 Module 
% (0.5625) CP 1415 PA 
% (0.5625) CP 20 PA 
4.5 Module 
6 DP 1414 PA 
6 DP 20 PA 
14 (0.500) CP 1414 PA 
14 (0.500) CP 20 PA 
4 Module 


(Continued on next page) 





Table of Standard Base Pitches (continued) 
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9. 
9 
9 
9 
8 
8 
8. 
8 
8 
8 
7 
7. 
7 
Fa 
T. 
7 
6 
6 
6 
6 
5 
5 
5. 
5 
5 
4. 
4 
4 
4. 
4 
4 
4. 
4. 
4. 
4 
3. 
3. 
3.7 
3 
3. 
3. 
3.1 
3. 
3 
2 


3.75 Module 
7 DP14%PA 
1% (0.4375) СР 141$ РА 
7 ЮР 20 РА 
76 (0.4375) СР 20 PA 
3.5 Module 
8 DP14%PA 
3.25 Module 
8 DP20PA 
& (0.375) СР 14$ РА 
$$ (0.375) CP 20 PA 
Module 
DP 144% PA 
DP 20 PA 
4 (0.3333) CP 14!5 PA 
2.75 Module 
l4 (0.3333) CP 20 PA 
10 DP 14% PA 
5% (0.3125) CP 14% PA 
10 DP 20 PA 
% (0.3125) CP 20 PA 
2.5 Module 
2.25 Module 
12 DP 141é PA 
12 DP 20 PA 
14 (0.250) CP 1414 PA 


14 (0.250) СР 20 РА 
2 Module 
14 DP 14!5 PA 
14 DP20PA 


1.75 Module 


14 (0.200) CP 1414 PA 
16 DP 1414 PA 


% (0.200) СР 20 РА 


16 DP20PA 
3% 0.1875) CP 1415 PA 
$34 (0.1875) CP 20 PA 
1.5 Module 


18 DP 14!4 PA 


18 DP 20 PA 
16 (0.1667) СР 1415$ РА 
L6 (0.1667) CP 20 PA 


20 DP 14!4PA 


20 DP20PA 
1.25 Module 

22 DP 1414 PA 

22 DP 20 PA 

24 DP 14l4 PA 


24 DP 20 PA 


Lé (0.125) CP 1414 PA 
$ (0.125) СР 20 РА 
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System 


DP 14% PA 
Module 
DP 20 PA 
DP 14% PA 
DP 20 PA 
0.9 Module 
30 DP 144 PA 
30 DP 20 PA 
1/10 (0.100) CP 1444 PA 
32 DP14%PA 
1/10 (0.100) CP 20 PA 
0.8 Module 
DP 20 PA 
DP 14% PA 
DP 20 PA 
Module 
DP 14% PA 
DP 20 PA 
DP 144% PA 
DP 20 PA 
Module 
DP 1444 PA 
DP 20 PA 
DP 144% PA 
DP 20 PA 
DP 14% PA 
; (0.0625) CP 14144 PA 
DP 20 PA 
(0.0625) CP 20 PA 
DP 14% PA 
Module 
DP 20 PA 
DP 14% PA 
DP 20 PA 


DP 144% РА 


DP 20 PA 
DP 14144 PA 
Module 


DP 20 PA 


DP 144% РА 
DP 20 PA 
DP 14144 PA 


DP 20 PA 
0.3 Module 


88 DP 1414 PA 
88 DP 20 PA 


96 DP 144 PA 
96 DP 20 PA 


100 DP 14!4 PA 
100 DP 20 PA 


0.2 Module 
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Buckling and Moment: Table 
for Steel Beams 


THESE DATA were assembled: (1) to 
eliminate cut-and-try methods of select- 
ing the most economical shape for lat- 
erally unsupported beams; (2) to re- 
duce the number of steps normally re- 
quired to determine the necessary and 
most economical section for a steel 
beam; and (3) eliminate the need for 
solving buckling formulas. 


1. Find the moment required. 


2. Enter table under M, the allowable moment. 


L. P. HOLLINGSWORTH 


Beam shapes are arranged in de- 
scending order of section modulus to 
facilitate the selection of economical 
shapes. Buckling moduli are based on 
an allowable compressive stress on ex- 
treme fibers of 20,000 psi with L’d/bt 
equal to or less than 600. If. L'Z/bt 
is greater than 600, allowable compres- 
sive stress must be reduced in accord- 


METHOD OF USING THE TABLE 


3. Find the first shape marked with an asterisk which has an 


M value larger than the required moment. 
economical shape for laterally supported beams. 


4. Compare laterally unsupported span with L, in table. Lu 
is the maximum beam length in feet allowable not requiring stress 


reduction for lateral unsupport. 


This is the most 
use 2L. 


L =laterally unsupported length, ft. 


ance with the following equation: 


bt 


4 € 


/ = (12,000,000) 


where L’ = unsupported length, in. 
d=depth of member, in. 
b = width of compression flange, in. 
t = thickness of compression flange, 
in. 
f —allowable stress, psi 


В = М1, /83.33 


M =moment, ft-kips. 


For cantilever beams 


6. Under B in the table, find the next most economical shape 
which has a higher value than the required buckling modulus. 


This will be the best shape to use to satisfy design conditions. 


5. If the laterally unsupported span exceeds L,, compute the 


buckling modulus required. 


1842 
1719 
1585 
1488 
1393 
1352 


1234 
1179 


1116 


*36 WF 194 
14 WF 398 
30 WF 210 


1106 
1095 
1083 


1035 
1014 
976.8 


*36 WF 182 
14 WF 370 
30 WF 190 


*36 WF 170 965.2 
14 WF 342 


7. S «Section modulus, I/c 
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86 
29 
83 


Соо о о лч 


(Continued on next page) 
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Buckling and Moment Table for Steel Beams — continued 


*30 
14 
14 
24 


*30 
14 
21 
14 


SHAPE 


WF 
WF 
WF 
WF 


WF 
WF 
WF 
WF 


124 
219 
211 
130 


116 
202 
142 
193 


108 
114 
120 
184 
127 
176 
110 
167 


102 
190 
158 
120 
112 


100 


94 


wt Or Ore ы њ 


w 


out оо р 


моь оно оь 


دب 


Un Cn‏ ب ب 


Lu 


16 


80.5 


78 
26 


SHAPE 


WF 
I 
WF 
WF 
WF 
WF 
I 
WF 
WF 


WF 


WF 
WF 
WF 
WF 
I 
WF 


WF 
WF 
WF 
WF 


WF 
I 
WF 
WF 


WF 
WF 
WF 
WF 


жж 


WF 


WF 
WF 
WF 
жж 
WF 
WF 


WF 
I 


жж 


WF 
жж 
WF 
WF 
I 
WF 


WF 
WF 
WF 
** 
WF 
WF 
I 
WF 


WF 
** 
WF 
I 
WF 
WF 


62 


75 
112 
92 
78 
64 
65 
71 
85 
100 
74 


S 


126 
126 
126 
125 
121 
117 
116 
115 
115 
112 
112 


107 
107 
104 
103 
101 

99 


98 
97 
94 
92 


89 
88 
88 
86 


80 
80 
78 
77 
74 
73 


to یں یں سے ت طا ا ب ھچ‎ WwW ф 


4 به دد سر سم ب 


A‏ دد به ي 


e 


ج دج MO‏ 


е 6H © 0 0 0 о 


M 


یہ ی MI һә Qo 00 NM 00 C со оо щл‏ ي 
aW 23:9 ^ C » C) OM‏ 4 


ho OO 


sown 


0 00 e OC 00 - مھ‎ һә ده ډه‎ Qn (A 


NUN OW 


non ~ 


= 


91 
2 
.88 
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F MECHANICAL PARTS AND DESIGN ANALYSIS 


o 


00 00 00 O O O o 
ي س‎ шо U 0 
w 


чч җа 
c 


00 ~“ ی 


ann 
on w 
> 


сооз یي‎ 


AU uU (л (л (л (л 
00 O O t ф 0o 00 
0o 00 O0 OO 'O O о 


ee 
س‎ C) 4 M 
OQ یہ ب ب‎ 


U U U‏ دب 


7 5 
5 9 
1 9 
5 6 
4 7 


w 
л щл Cn Gn л 


л 
o 


чмо мю оо 
л О л 3 Un ھ دہ‎ 
NNN WWW Ф 


N 
4- 


** — Refers to channel section. 


O A یي‎ оо о ~ њм со 


EXAMPLE: A 20 ft laterally unsupported beam carries a 
concentrated load at its midspan of 50,000 lb 


> Е „ 
Solution: М = PL _ 0x 20 = 250 ft kips 
4 
The first economical shape above M=250 is 21 WF 73 
with L,=14.5 (which is less than 20) Compute the 
buckling modulus. 


B= 250 x 20 - 60 
83.33 


The next most economical beam is therefore 18 WF 85 
with B=68.5 
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Properties of Spring Materials and 
Allowable Working Stresses 


HAROLD C. R. CARLSON 
The Carlson Company 


THE ALLOWABLE WORKING STRESS 
CURVES presented here are for com- 
pression springs. For each spring ma- 
terial and range of wire size indicated, 
stress curves are plotted for three cate- 
gories of service: Light service; average 
service; and severe service. 

The “light service” category in- 
cludes springs that are subjected to 
static loads and springs that are de- 
flected through small distances with 
low stress ranges. The working stresses 
indicated by the curves labeled for 


this category are based on a service 
life of 1,000 to 10,000 stress r^versals. 

The average service group includes 
most springs in general use, such as 
those found in motors, brakes, switches, 
machines, and mechanical products. 
Normal frequency of deflection and 
average use without shock loading 
permits such springs to operate up to 
100,000 reversals with infrequent 
breakage. More than 1,000,000 cycles 
have been withstood at the stress 
values for these curves when the ma- 
terial and operating conditions were 
exceptionally good. 

Severe service refers to rapid de- 


flections over long periods of time as in 
automotive and aircraft engine valves, 
pneumatic hammers, hydraulic con- 
trols, etc. The stress values shown by 
these curves provide for a minimum of 
1,000,000 cycles. For 10,000,000 
cycles, which is considered an infinite 
life, these values should be reduced by 
at least 10 per cent. For severe service, 
it is also recommended that the endur- 
ance curves, below, be considered be- 
fore determining the safe allowable 
stress. 

Also included are properties of 
spring materials such as various steels, 
copper base and special alloys. 


ENDURANCE LIMIT CURVES FOR COMPRESSION SPRINGS 


Final Stress, Including Curvature Correction, IOOO Psi 











30 35 


45 








Initial Stress,Oue to First Load, Corrected for Curvature,IOOOPsi 
For commercial spring materials with wire dias. up fo /4 in. except os noted. 
Stress ranges may be ‘nacreased approximately 30 percent for properly heated, pre-set, shotpeened springs. 
Materials preceded by an ¥ ore not ordinarily recommended for long continued service under severe 


operating conditions. 
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۴ MECHANICAL PARTS AND DESIGN ANALYSIS 


ALLOWABLE WORKING STRESSES FOR COMPRESSION SPRINGS 


| MUSIC WIRE _| у "18-8" 302 

ASTM A228 SAE !090 ت‎ | ASTM A313 | | | | 
IAN -W-17 $ T Г T y" 
“ү [ — | | Reduce these value opprox. 

10% for Type 304 & 3/6 

ond for AN-W-23 1 


SAE 30915 
Sp س‎ 














Stress (Corrected) 1000 Psi 


ET 
CHROME VANADIUM WIRE 
ASTM А23! -| | SAE 6150 | 
? M Lob 
| 





Wire Diometer, tn. 


| | 

- - - — 4 — - — * + + 
HARD DRAWN SPRING STEEL "MB" GRADE 
ASTM — | | SAE Х!065 





Light’ service TTT — 
— — 3-33 


_PHOSPHOR BRONZE 


i- | | ASTM E159 NAVY 22W5 
| | | | 


o 
o 





Torsione! Stress (Corrected) 1000 Psi 
Torsionol Stress (Corrected) 1000 Psi 








(Continued next page) 
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Properties of Spring Materials and Allowable Working Stresses—continued 


PROPERTIES OF SPRING STEELS 


Material Specifications Modulus of Density Recommended 
(Commercial Name) In General Use | Elasticity Ib /cu. in. Rockwell Hardness 


Hard Drawn MB Spring Steel ASTM A227-47 è C41-C45 
SAE X1055 & X1060 | 
Army 48-6A 


Music Wire Spring Steel ASTM A228-41 
SAE 1085 
Navy 22W11 
Army 48-18 
AN-W-17 


Oil Tempered MB Spring Steel й ASTM 229-41 i , C42-C46 
SAE X1065 
Navy 4784 
Armv 487A 
Fed QQ-W-474 


Chrome Vanadium Alloy Steel ў | ASTM A231-41 я - C45-C49 
| SAE 6150 
Navy 46331 
Army 48-7A 
AMS 6455A 


Silico-Manganese Alloy Steel ASTM A59-49 | ,750,000 284 C43-C47 
SAE 9260 ,000 ,000 
Navy 46331 


Silicon-Chromium Alloy Steel Es Special , 200 ,000 C50-C54 
,000 ,000 


Stainless Steel Type 302 3 ASTM A313-47 | ,000 ,000 | C42-C47 
(18-8) SAE 30915 26,500 000 
Navy 46818 


Stainless Steel Type é SAE 30905 ,000 ,000 C42-C47 
(18-8) Army 48-37 ‚500,000 
Navy 46518 


,000 ,000 | , С42-С47 
,500 ,000 


Stainless Steel Type 3! SAE 30805 
(18-12 MO) Navy 47821 & 22W13 
AN-W-23 


mo 


000 ,000 | | C40-C45 
‘500 000 


Stainless Steel Type Special 


Stainless Steel Type ; SAE 51210 ‚500,000 C43-C48 


‚500,000 
Stainless Steel Type i SAE 51335 ,000 ,000 C46-C51 
000 , 000 


mo mo PO 


PROPERTIES OF COPPER BASE AND SPECIAL ALLOYS 


Spring Brass Type 70-30 te ASTM B134-46 (6) 5 ,000 ,000 | B89-B93 
Fed QQ-W-321 (C) | 15,000,000 | 
SAE 80 


Phosphor-Bronze, 5 percent tin 7 ASTM B159-46 (A) | 6,000,000 i B95-B105 
SAE 81 15,000,000 
Navy 22W5 | 
Fed QQ-W-401 


Beryllium-Copper Type 24 percent | ASTM B197-51T 
AMS 4725A 
MIL-C-6941A 


7,250,000 315 C37-C40 
19 000 ,000 


mo 


Inconel & Inconel X Navy 47N12 & OS-651 
Navy-W-41 
Fed QQ-W-399 


10 ,500 ,000 1 C38-C42 
28,500 ,000 | 


"uo 


Monel A Navy 46M7 
Fed QQ-N-281 


9,500,000 | C25-C30 
26,000,000 


9,500,000 C30-C36 
26,000,000 


K-Monel š Navy 46N5a 
Fed QQ-N-286 
Z-Nickel ` dod — Special 11,000,000 1 C41-C45 
30,000,000 | 
N1 SPAN C : | Special 10,000,000 C40-C44 
| 26,500,000 | 


12,000,000 | 1 C54-C58 
29,500,000 


Elgiloy d^ ee | Special 
La 


Iso-Elastic Special 


о BO чо WO BO шо 


9,200 ,000 | C30-C36 
E 26,000,000 
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(Metal 
Density) 
Ib/in.3 


Aluminu 


0.90 [— 90 


( Weight, Ibs ) 


100 


*0.80}— 80 


0.70 


Magnesium 
0.60 


050 


Leod 
0.40 


Silver 


Coppe 
Bross 
Steel 


Zinc, Castiron 
0.25 


Titonium 


0.15 


Ѕһоре 2 (02.42) 
100.0 
900 


800 
70.0 
60.0 


50.0 


40.0 


30.0 


25.0 


P MECHANICAL PARTS AND DESIGN ANALYSIS 


U (Pivot) 
I0 


9 


8.0. 


Example:Find weight of round 


70 brass tube, |D=5in., OD*7in., 
? Solution: Lines I and IL show 


. 


6.0 
68 ibs 


5.0 


4.0 


3.0 


2.5 


that the weight per foot is 


Nomograph for Weights of Tubes 


CARL NACHOD 
Vice President 
Nachod & U. S. Signal Co., Inc. 


THIS CHART gives the weight per foot 
of three different shapes of tube sec- 
tion; round, hexagonal and square. The 
weight of solid rods may be found by 
substituting D? for D?—4?. 

Other metals than those shown on 
X may be added at their proper density 
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values. Density values shown are: mag- 
nesium, 0.061; aluminum, 0.096; ti- 
tanium, 0.17; cast iron and zinc, 0.26; 
steel, 0.283; brass, 0.30; copper, 0.318; 
silver, 0.374; and lead, 0.411. 

The density of magnesium and alum- 
inum on scale X are 10 times their 
true values. Thus, the weight obtained 
from the chart for these metals must 
be divided by ten to give the correct 
weight value. In instances where the 


1955 


weight per foot value is off the X scale, 
a value of 10 times the diameter on the 
Z scale may be used and the weight 
per foot divided by ten. 

For example, a 1 in. square titanium 
shape is found by drawing line A to 
the pivot axis U, and drawing line B 
through the pivot axis and 10 on the 
U scale. The value 20.4 lb/ft found on 
the X scale is divided by 10 to give the 
correct value of 2.04 Ib/ft. 


F41 





Non-Rubbing Seals for Oil 


There are two general types of seals: rubbing and non-rubbing. Non-rubbing seals use oil 
or grease to lubricate mating surfaces and exclude foreign matter by forcing the lubricant 
out between the bearing surfaces. These seals are not limited by operation or speed since 


Lubrication 
groove ~- 


Oil gathering 
grooves for 


-Housing return of 


Lobyrinth 


Oil gathering 


slinger ----4 
` 


grooves— 


Bronze 


-Housing 


Bronze Grooves -- 


bearing 


-Shoft 


fo seo! 
c/eorance 


Fig.! 


Fig. l—Non-rubbing seal for grease lubrication. 
Grooves and housing are filled with grease at assembly 
or an automatic feed system can be incorporated. 
Seal offers protection against entrance of foreign 
matter because of the outward flow of grease through 
the labyrinth passages. Clearance between shaft and 


seal is about 1/64 inch. 


Fig. 2—Non-rubbing seal for oil lubrication. Grooves 
ean be located in bearing, (A), or in housing, (B). 
Grooves are connected to an oil return passage leading 
to a sump in housing. This keeps oil loss to a mini- 
mum and maintains a constant supply to the bearing. 
Design does not prevent entrance of foreign material. 
Radical clearance between shaft and seal is 1/64 inch. 


Fig. 3—Seal for vertical installation. Circular groove 
picks up lubricant and feeds it to a spiral groove in 
bearing or shaft. Spiral feeds lubricant to top of 


bearing. Lubricant runs down between shaft and bear- 
ing. Design is effective when the shaft is rotating. 


Fig. 4— Similar to Fig. 3 but used for a horizontal in- 
stallation to reduce leakage of lubricant. Straight 
groove feeds oil to the bearing. Circular groove col- 
lects oil and the spiral groove, located in shaft or 
bearing, returns it to other end of bearing. Design 
prevents loss of oil by leakage at outside end. 


Inside of 
mechanism 


- 


distributing 
groove 


"UU, 
Shoft to seal 
cleoronce 


Orl return : 
fo sump -^ 


Spiro! 
groove ~~~ 


Lubricant 
feed to 
groove. 


Circular groove ----~" 


Fig.3 


Bronze bearing. 


Outside 
— 


-Housing 


-- Bronze 
bearing 


rive end of 
mechanism 


7 


Qi! ring 


--.---fMousing 


Bronze bearing 


rotation 


Clockwise looking of 
this end 








Lubricont 
feed to groove 


_-- Straight 
groove 


--— Short 





end of 
mechgnism 


Circular groove’ 


_--~ Rotation 
counter 


clockwise 
looking о? 
this end 


"x -- -- — Spirol 
groove 
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F MECHANICAL PARTS AND DESIGN ANALYSIS 


E 
D D C. SP x, JR. 
Retention Product sir. The а Со. 


Toledo, Ohio 


friction is negligible. They are, however, often more expensive than rubbing seals since 
the shaft, bearing, or housing must be grooved to distribute the lubricant. Distribution 
over the bearing area is, however, better. Lubricants may be forced-fed or gravity-fed. 


Three piece 

stationary Fig. 5—Labyrinth seals offer good protection espe- 

— cially at high speeds where the narrow zigzag passage 
is used in conjunction with centrifugal force. Oil and 
foreign matter are separated by slinger which limits 
oil flow past rotating member (A). Inner member 
(B) throws oil back to sump. Member (€) throws 
out foreign matter. 


Housing 


Bronze 
bearing .... 


ZZZZZZzzz zzz zzz 
D 
LLLLLLLLLLLLLLAL: 


Р 
Й 
7222) 


ч 
بد‎ 
74 
A ч NJ 


—— 
1 


UT 


i 


"M / D ^ а s r и 
kaat- = Fig. 6—Non-rubbing seal for oil lubrication. Shaft 


rotating rotation throws lubricant into the inboard groove (B) 
member in the housing and is returned to the oil sump. First 
slinger (D) throws foreign material out of the assem- 
bly. Second slinger (D) feeds foreign material out 
through groove (A) and hole at (C). Lubricant feeds 


Rotating between shaft and bearing to housing grooves. 


c j i labyrinth 
lubricant — "n member A 
circulating 
groove ---- 
carries oil Fig. 7—Reservoir type feed for grease lubrication. 
from right Grease is distributed in annular groove and feeds 
fo left ۴ ; : 

through holes in bearing to lubricate the shaft. 
Foreign matter can be excluded if clean grease is used. 
Grease will be lost through open bearing ends and 
assembly must be repacked periodically. 


A 


h 
VL а Л 
a22 
227222272 


0222222222222} 
—I 


Fig. 8—Reservoir type feed for oil lubrication. Two 
bearings are used forming an oil reservoir between 
them. If porous wall type bearings are used oil will 
saturate and feed through bearings to the shaft. 
i Outward flow of oil prevents entry of foreign mate- 
return” - Foreign rial. Reservoir must be periodically refilled with new 
Fo sump moterial oil. Bearings are a press fit in the housing. 


Y 


БУУ 


Inboard groove. - -Housing | 


Outboard groove, ` 


„Bronze 
bearings~_ 


Oil distribution 
grooves. 


Foreign 


materia! 3 
slingers, 0- VK 


Foreign matter 
removed 
Fig.6 
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Rubbing Seals for Oil 


Rubbing seals cover all applications where a positive sliding contact exists between the seal 


and either the rotating or stationary member. They are limited as to type of operation and 
speed because of the friction between the contacting surfaces and they should not be used in 


One piece or -Housing — Housing Housing 
diagonally split D One piece 


osher Bronze 
w ——— 


bearing с n NC bearing 


Cork, 
asbestos 


—Qil return 


fo sump 
(A) 


FIG. 1—Rubbing seal for oil lubrication. Felt, cork, asbestos, 
natural or synthetic rubber or other materials can be used. The 
natural resiliency of felt provides a close contact between seal and 
shaft without the excessive pressures often encountered with other 
types. It also absorbs and retains oil providing for almost con- 
stant lubrication. For the retention of felt, design A is recom- 
mended, because the tapered sides insure close contact and the 
removable plate permits easy replacement. (B) and (C) may also 
be used. Cork and asbestos should be retained as shown in (B). 
Groove must be straight sided and narrow enough to compress the 
material slightly to prevent it from turning. 


FIG. 2—Bronze or cast iron rings are frequently used to seal 
bearings. This type of seal is equally effective for reciprocating 
and rotary motion. Circumferential grooves are cut in the shaft 
and the rings are compressed and inserted. They bear on the 
housing effectively sealing in the lubricant. 


Rototing seal ring 
, 


FIG. 3—High pressure and high rotative 
speeds where leakage is critical use mechani- 
cal face type seals. The seal has low total 
friction, can withstand high misalignment 
and compensates for wear. Parts of the seal 
are: stationary seal ring, rotating seal ring, 
flexible type joint, (diaphragm, bellows, or 
packing ring) spring, and retaining mem- 
bers. The stationary member can be an in- 
= = = tegral part of the bearing when а саз! 
SSO TES ; bronze sleeve bearing is used. As illustrated, 
em the rotating seal ring, packing spring and 
retaining member turn with the shaft and 
the spring keeps the seal ring in contact. 





Stotionory E 
bronze sea! ` i ~ Retaining 
ond bearing member 
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DAVID C. SPAULDING, JR. 


ө 
Product Engineer, The Bunting Brass and Bronze Co. 
E en 10n Toledo, Ohio 


abrasive surroundings. Types that are held against the rotating member by spring pressure can 


be used where there is a pressure head of fluids within the assembly or on the exterior. For 
high pressure stuffing box and O-ring type seals are used. O-rings are also used for zero leakage. 


“ 


FIG. 4—Rubbing seals, of the type shown, (A), have wide- 

/Bronze spread use in all types of equipment. The spring tension 
and sealing ring material may be varied so that a variety of 
applications can be handled. Small units can be had where 
the O. D. is the same as the O. D. of the sleeve bearing, (B), 
thus eliminating the counterboring operation on the housing. 
The seal may be reversed and used to keep foreign matter 
out of the assembly. A drain hole may be provided to carry 
away surplus lubricant. Retention is by press fit on the 
outside diameter. 








FIG. 5—Rubbing seals of the stuffing box type (A), are used 
where high pressure are encountered. It can be used for all 
Е types of motion and the packing material can be varied de- 
f pending upon the fluid to be sealed and the application. For 
rotating motion some leakage is necessary so it cannot be used 
when permissible leakage is zero. O-rings can also be used 
Housing for rotary motion if the speed is slow. Special designs use 
O-ring seals (B), when zero leakage is demanded for either 
\Seoling stationary or reciprocating motion. ; 
ring - Shaft This ring is made of natural rubber or synthetic rubber de- 
Н pending on the type of solution resistance required. Synthetic 
rubber, such as buna or neoprene, is resistant to aromatic 
hydrocarbons, while natural rubber resists the action of alco- 
hol and glycerine. 
O-rings can be located either in the shaft or in the housing 
and any movement or pressure forces the ring to one side, 
thereby forming a tight seal. 


Adjusting stud 


and nut _— Retaining 


Housing nut 


Bearing 
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Calculating the Area of 


Curved Surfaces 


OFTEN IT IS NECESSARY to estimate 
the area of curved plates and sheets 
to establish the size and weight of 
material that will be required. The 
charts of Figs. 2-7 facilitate such cal- 
culations with an accuracy that is ade- 
quate for nearly all practical design 
purposes. 

1. Circular and Spherical Surfaces 

Using the symbols defined in Fig. 
1(A), the relation between the radius 
of circular surface, the greatest height 
above its chord, and the length of 
chord can be expressed approximately 
by the formula 
a +h? 


2h 


(1) 


The relation between the radius, 
length of curved surface, and the de- 
grees of central angle subtended by the 
curved surface is 

| 2ar 2) 
57.3 

The charts in Figs. 2 and 3 are based 
on Eqs (1) and (2). These charts can 
be used to estimate values of r and / 
when a and P are specified. 


VICTOR TATARINOV 


Consulting Engineer 
Pilsen, Czechoslovakia 


EXAMPLE 1. Determine the surface 
area of a motor casing having a = 
12 in, 6 = 4 in, length L = 30 in. 


SOLUTION: 


Using the lefthand curve of Fig. 3, 
Line I indicates / — 25.7 in. Thus, 
the surface area $ — L x: 1— 257 X 
30 — 771 sq in. 


The charts presented in Fig. 4 are 
useful when estimating the areas of 
spherical dome surfaces such as that 
shown in Fig. 1 (B). 


EXAMPLE 2. Determine the surface 
area of a boiler drum cover that is a 
spherical segment 6 in. high. Diarn- 
eter of drum D — 28 in.; thus a = 
0.50D — 14 in. 


SOLUTION: 


From Line II in the lefthand curve 
in Fig. 4, $ — 5.1 sq feet. 

The flat sheet from which the cover 
can be stamped is also obtained from 
Fig. 4 as R 15.3 in. The radius of 
sphere, Line III in Fig. 2, 7 = 19 in. 


2. Elliptical and Parabolic Sur- 
faces 

Curved surfaces are of particular im- 
portance in designing moving bodies 
to reduce the resistance to fluids and 
gases. Streamlined trains, automobiles, 
ships, submarines, projectiles and many 
other constructions use elliptical and 
parabolic surfaces. 

The fundamental equation of an 
ellipse, symmetrical about the origin, 


where x, y, and P are defined in 
Fig. 1(C). 
The perimeter of an ellipse can be 


expressed as: 
l=n (a+b) K 
where K is a correction factor equal to 


1 


m* + 
64 


1 
1 24 
+ 4 m 


a—b 
and m 
a+b 


The fundamental equation of a 
parabola, as is shown in Fig. 1(D), is: 


Product Design Handbook Issue 





y? = 2px 
At some point the coordinates of 
which are x and y, the length of arc is: 


1 =0.5р | ¥ a(a+1) +loge (¥ a+ 4 a4- 1)] 
where 
a = 2z/p 
The surface area of a paraboloid of 
revolution is: 


5 2 3/2 
S -2.09 (£) [€ 4 ) ~- | 
2x р 


Charts for estimating arc length of 
elliptical segments, arc length of para- 
bolic segments, and area of parabolic 
surfaces are given in Figs. 5, 6, and 7, 
respectively. 


* 


Rodius r, in. 


Chord /2,a, In 


Fig.2 Relotionship between radius, chord and chordal height of circular segments 


EXAMPLE 3. Determine the surface 
area of an elliptical tank for which 
24 = 40 in. 26 = 20 in. and length 
І, = 100 inches. 


SOLUTION: 

Line IV of Fig. 5 indicates / = 97.5 
in. The surface area S$ =} X L = 97.5 
X 100 = 9750 sq in. = 67.7 sq ft. 
EXAMPLE 4. Determine the surface 
area of a paraboloid of revolution 
forming the nose section of an airplane. 
Assume x = 25 in. and y = 30 in. 


SOLUTION: From Line V in Fig. 7, the 
surface area § = 29.9 sq ft. From the 


% 


Chord/2, о, іп. 


Ss 


Arc length 1 ,in 
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F MECHANICAL PARTS AND DESIGN ANALYSIS 


same curve, R — 37 in. is the radius 
of flat sheet that will be required 


EXAMPLE 5. Determine the surface 
area of a motor casing having a para- 
bolic cross section and flat end sheets. 
Assume x — 20 in, y — 25 in., and 
L — 20 inches. 


SOLUTION: 

From line VI in Fig. 6, / — 33.6 in. 
The surface area S = } X L = 33.6 х 
20 = 672.0 sq in. The area of one 
parabolic flat side is 2/3 xy = (2/3) 
X 20 X 25 = 334 sq in. 


(Continued next page) 
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Fig.3 Arc length of circular segments 
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select gasket materials 


Many factors affect the choice of a gasket material 
for a particular application. But, if the application 
involves an existing flange, perhaps the first ques- 
tion will be, "What general type of material is 
suitable in this flange?" Once this question is an- 
swered, other important factors such as cost, tem- 
peratures, fluid action, flange surface features, unit 
loads or compressions, and internal pressures will 
further limit the choice to the material or materials 
best suited to the application. 


common flange joints 


The simple flange (Fig. 1) is widely used in as- 
semblies with internal pressures up to 200 psi. It 
may be sealed with nearly any kind of flat gasket, 
plain or jacketed. Ordinarily, however, fiber sheets, 
cork composition, cork-and-rubber, and similar 
materials are best. Because it is incompressible, 
straight rubber tends to extrude from such joints 
under medium to high flange pressures. 

By reducing the gasket wall section of the simple 
flange, higher stress is placed on the gasket without 
changing the bolt pressure (Fig. 2). The flange 
will thus retain higher internal pressures and the 
cost of the gasket may be reduced. Again, nearly 
any tvpe of flat gasket is suitable, but the disad- 
vantages of rubber are emphasized due to the 
higher gasket stress. 

A further variation of the common flange joint is 
the tongue-and-groove ( Fig. 3). This flange is used 
where extremely high pressures on the gasket are 
needed to retain high internal pressures. It, too, 
may be sealed by nearly any type of flat gasket. 
Here incompressibility of straight rubber is not a 
problem because the gasket is completely confined. 
Since rubber will deform but not compress, how- 
ever, a rubber gasket should be cut so that it does 
not fill the channel and prevent the tongue from 


entering the groove. 


metal-to-metal joints 

Where it is necessary to maintain accurate internal 
clearance or alignment, or where the stress on a 
gasket must be limited, metal-to-metal joints are 
most suitable (Figures 4, 5, and 6). 


‘(Armstrong 


ACCOPAC® FIBER SHEET PACKING 
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for use in basic joints. 


» Rectangular-section rubber gaskets may be used 
effectively in these joints if their volume and shape 
are correct. That is, initial gasket volume cannot 
exceed the volume of the cavity or the joint will 
not close. And, at the same time, shape of the 
gasket must permit about 25 per cent deflection of 
the gasket when the joint is closed. When very 
close tolerances are impractical, the gasket can be 
cut larger than the cavity if relief for sideflow is 
provided in the joint design. 

A simpler solution to gasketing a metal-to-metal 
joint, however, is to use truly compressible ma- 
terials such as cork composition or cork-and-rubber. 
With these materials, gasket volume and shape are 
not critical. For instance, cork composition can be 
cut to full channel width and twice the depth, yet 
it will compress into the cavity and permit perfect 
mating of the metal surfaces. Cork-and-rubber 
materials also offer the advantage of compressibility 
but combine it with the sealing properties of vari- 


ous synthetic rubbers. 


Whatever your sealing problem, you'll find that 
working with your Armstrong Industrial represen- 
tative while a joint still is in the design stage often 
saves both time and expense. He’s backed by 45 
years of Armstrong experience in providing mate- 
rials and service to gasket users. Whenever neces- 
sary, he can call on the staff at the Armstrong 
Research and Development Center for the study of 


special problems. And, most important, he offers you 
an extensive line of quality nonmetallic gasket mate- 
rials, including a material for nearly any application 
where normal operating temperatures at the joint 
do not exceed 250? F. 

Call your Armstrong man today for samples, in- 
formation, and prices. And when you order from 
your local gasket fabricator, be sure to ask for 
Armstrong Gasket Materials, 


For more design information, write for the new Armstrong gasket design 
manual, And for data on the Armstrong line of nonmetallic gasket mate- 


rials, look for "Armstreng Gasket. Materials" in Sweet's product design 


file or write for your personal copy. Armstrong Cork Company, Industrial 
Division, 5500 Irvin Street, Lancaster, Penna. 


GASKET MATERIALS 


CORK © SYNTHETIC RUBBER * CORK-AND-RUBBER 
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@ When you specify Flexon Bellows, you can 


be sure your requirements will be examined by 
cost conscious Flexonics engineers who know 
and understand bellows actuated devices. Selec- 


tion of charging media, development of end 
fittings, choice of materials will be made to 


give you exactly the right combination of per- 
formance and economy for your product. The 


bellows recommended will be the most economi- 
cal that will fill your needs. 


We would appreciate the opportunity to ex- 
amine your requirements. We may be able to 


show you the way to lower costs. Send an out- 
line of your requirements. 


...aconcept of 


bellows manufacture 


ASK FOR THE 


FLEXON BELLOWS DESIGN GUIDE ӨШ gy 


developed to v; 


cut our costs The Flexon Bellows Design Guide 

y gives 20 pages of valuable appli- 
cation and design information. 
Write for your copy, today. There 
is no obligation. 
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Corrosion resistant valve designs by Wm, Powell Co., 
Cincinnati, Ohio, employ Flexon Cost-Engineered Bel- 
lows to isolate the bonnet from the flow. 


A Flexon Cost Engineered Bellows translates a pneu- 
matic signal into motion in this Ratographic Indicatbr 
made by Fischer & Porter Co., Hatboro, Pa. 


| 
| @e@eeeeeeeeseeeeeneee 


Flexonic — 


1351 $. THIRD AVENUE ° MAYWOOD, ILLINOIS 


FORMERLY CHICAGO METAL HOSE CORPORATION 
In Canada: Flexonics Corporation of Canada, Ltd., Brampton, Ontario 
Flexon identifies Expansion joints 


— of — A LAY Metallic 

orporation that o 

have served industry Aircroft components bellows 
NS» Sw 


for over 53 years. 
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INDUSTRIAL INCH 


(Right) Designed for slow-moving, 
heavily loaded machinery where 


large-diameter shafts are the rule. 
Accordingly, it is available in frac- 
tional-size bores for shafts from 4” 
in diameter upwards. 


BARREL 


(Right) A series of angular-contact, 
self-aligning bearings capable of sus- 
taining both radial and thrust loads. 
Race and roller curvatures insure ideal 
distribution of load, not only for 
normal operation but also for con- 
ditions of misalignment. 


HY-LOAD 


(Left) High-capacity, cylindrical roller 
bearings for heaviest radial loads 
and light or intermittent thrust locds. 
Produced in 3 diameter series, 2 
widths and more than 800 sizes. 


TRUNNIONED ROLLER 


(Left) Ideal for industrial trucks, tex- 
tile machinery, gear pumps, con- 
veyors, hoists and agricultural equip- 
ment. Rollers have trunnioned ends 


which fit into end rings. End rings are 


located and held parallel by spacing 
bars which guide and retain rollers. 


WOUND ROLLER 


(Left) A three-part separable bear- 
ing in various width classifications. 
Construction provides maximum resist- 
ance to shock, abrasion and fatigue, 


WHATEVER 


YOUR ROLLER 


BEARING 


PROBLEM, 


THERE'S A 


HYATT 


TO HELP 


SOLVE IT... 


BETTER! 


Hyatt’s complete line of radial and 
angular-contact bearings—more than 800 
sizes in the Hy-Load series alone— 
provides maximum flexibility of design, 
with exactly the right bearings in every 


vital load-carrying position. 


That’s why so many experienced design 
engineers keep their Hyatt catalogs at 
their fingertips. If you do not have 
up-to-date copies, or wish the technical 
help of a sales-engineer, call or write 
Hyatt Bearings Division, General Motors 
Corporation, Harrison, New Jersey. 


Hia: 


STRAIGHT BARREL TAPER 
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uniformity... 


seed of dependability! 


Not only in size or dimension but in every metallurgical or manufacturing 
detail, New Departure insists upon exceptional uniformity. As a result, the 
designer may select these ball bearings with the greatest possible assurance 
that their ultimate performance will completely justify his calculations. 


New Departure Division, General Motors Corporation, Bristol, Connecticut. 


ao 


NEW’) DEPARTURE 


BALL BEARINGS 


NOTHING ROLLS LIKE A BALL 
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©? Ways 


Clifford bellows 
help you solve 
design problems 


Perhaps you, too, can benefit from flexible, leak- 
proof, metallic Clifford bellows assemblies. For in- 
dividual requirements in assembling bellows to 
fittings, Clifford is equipped to use new molecular 
bonding processes, resistance welding and heli- 
arc-welding. Write direct for complete details on 
how Clifford bellows assemblies can help you. 
Clifford Manufacturing Company, 104 Grove 
Street, Waltham 54, Massachusetts. Division of 
Standard-Thomson Corporation. Sales offices in 
New York; Detroit; Chicago; Los Angeles; 
Waltham, Mass. 


Controlling and/or indicating pressure. Clifford Hydron bellows 
ossemblies provide close control and accurate indication in pressure 
systems. Pressure, exactly equal throughout the system, is immediately 
exerted on bellows which respond without lag. Common applications: 
instruments to control temperature, pressure, flow rates, liquid level. 


Allowing for thermal expansion in flexible piping. Clifford bellows 
compensate for dimensional changes caused by heated gas or liquid that 
would expand and buckle ordinary piping . . . without imposing ex- 
cessive strain on supports. Sidewise movement of supports with respect 
to each other is also permitted. 


MANUFACTURING CO 
> WALTHAM, MASS 


мета. иом 
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EXPANDING RELLOWS 
EXERTS PRES URE TO OPER 
AT? SWITCHES VALVES ETC. 


Controlling wide range of temperature with one adjusting de- 
vice. Liquid filled Clifford bellows assembly permits one knob to adjust 
temperatures by remote control from 200° to as high as 650° or 700°. 
Common applications: domestic and industrial oven controls. 


Controlling narrow range temperatures. Vapor pressure 
Clifford bellows system forms temperature control unit used in thermostatic 
devices. This device can be designed to be “fail safe” to prevent over- 
heating even if bellows fails to function. Adjustment commonly limited 
to lower range than liquid filled system. Applications: refrigerator con- 
trols, auto thermostats, tank regulators. 


Transmitting motion from one medium to another while main- 
taining a hermetic seal. The inherent flexibility of leakproof Clifford 
Hydron bellows permits extension, retraction, rotory motion or com- 
binations of these to be applied while hermetically sealing unit's internal 
elements. (A) shows direct motion, (B) shows angular motion, (C) shows 
rotary motion, 


Operating as flexible shaft coupling. 

Clifford bellows assemblies provide con- 

stant velocity torque and compensate for 

misalignment. 

Operating as shaft seal. Clifford bellows seal in gases and liquids 
and prevent leakage around rotating shafts. 


Operating in hydraulic transmission systems. Clifford bellows 
approximate frictionless lever-action for transmitting force in remote 
control systems, 


F55 





then... 
INVESTIGATE THESE 8 STEPS TO 
BETTER PRODUCT DESIGN WITH 


JEWEL BEARINGS 


LOWER BEARING FRICTION 
HIGHER ACCURACY 

, e LONGER WEAR 

Î « LOWER ALLOCATED COSTS 


FREEDOM FROM CORROSION 
5 
FREEDOM FROM DISTORTION 
ELECTRICAL ISOLATION 


Jewels are available in a wide 
range of sizes and styles, or pre- 
cisely fashioned to your specifications. 


nd 
x instruments ата 
А + ric ` 2 
Jewel — pectancy — 
ce 
control devi 


magnetic properties, 


quired. 


here à 
an 
orosilicate 


or hard b phire. 


as hard аз sap Р 
efficient of friction, ^ 
ial take a high Pe „еч 
re by microscopes a 

: g areas. 


hire 
ed are of saPP™ 
— approximately 60% 
bstantially the — 
in cost. Both me rs 
critically inspe alia Ме 
i flaws are ound in 
I 


Jewels 

glass. 
has su 
lower 
jewels 
jected 


(E. 
SHOCK PROTECTION 


Cushioned jewels reduce the 


amount of jewel damage during 
instrument assembly, 
factor of safety in tight 
bearing and shock. Pivot 
thrust borne by the jewel is ab- 
sorbed by a silicone pad or a 
resilient spring within the screw 
mounting, Preventing possible 
damage to Pivot or bearing 
when the Pivot bottoms. 


giving a 
ening the 
in 


Serving industry with fine jewels since 1913 


б 


Sapphire and glass jewels Precision glass grinding 


HIGHER RESISTANCE TO SHOCK 


TYPICAL APPLICATIONS 


FOR JEWEL BEARINGS 


INCLUDE: 


AIRCRAFT INSTRUMENTS COMPASSES 


WEATHER RECORDERS DIAL GAUGES 


PARKING METERS e TIMING INSTRUMENTS 


AMMETERS e WATTMETERS 


VOLTMETERS e MARINE INSTRUMENTS {24 


e TESTING & RECORDING INSTRUMENTS 


INSTRUMENT DESIGN 


The usual practice in instrument design is to design the 
bearing to fit the pivot so that the jewel is the last - 
to be given dimensions. Increased standardization a 
lower jewel costs are possible if it is first determine 


what stock sizes are available before freezing the dimen- 


sions of other instrument components. 


E , e 
ОЗУ 
&,Co., Inc. 


Jewel mounting and assembly Sapphire stylii 


1 SPRUCE STREET ... WALTHAM 54, MASS. 
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LORD CONTROLS VIBRATION. ANYWHERE? 


THE MOST POS 
PRODUCT TO 


@eeeeee0e0202e2e2008660 


LORD BONDED CENTER JOINT 
2 REQUIRED 


а 


УЧЕЊУ 
2.00 DIA. 


x Vibration control is a vital element of improved 

product performance . . . and the most positive way to 

control vibration is through Lorp Bonded-Rubber : P HAN-L n 
Mountings. Here are several outstanding reasons why: : j ) MOUNTS pro- 7 
Isolate Vibration — Stop noise transmission or vibra - — vide excellent re- 


tion caused by moving mechanical components. A à; duction of steady 
: c 4 - vibrations and oc- 
Lengthen Product Life — minimize stresses caused by JR 


shaft misalignment or torsional vibration. 


Reduce Maintenance Expense — the rubber element к сш м Signed to — 
absorbs flexing action . . . no surfaces to wear or chafe ey y EET. 
. .. no lubrication is needed. 
Lorp maintains a staff of vibration engineers to assist 
manufacturers in isolating destructive vibration. They 
will gladly assist you by designing and producing the 
most economical and efficient mounting for your needs. 
Call or write the Lorp Mfg. Co., Erie, Pa. 


LORD MANUFACTURING COMPANY ° ERIE, PENNSYLVANIA 


LOS ANGELES, CA DALLAS, TEXA ETROIT, MICE NEW YORK, N. Y. 
PHILADELPHIA, PENN AYTON, OHIO HICAGO, ILI LEVELAND, OHIO 
LOcust 4-014 Michigan 8871 Michigan 2-601 SUperior 1-3242 


DESIGNERS AND PRODUCERS OF BONDED RUBBER PRODUCTS SINCE 1924 
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GARLOCK 


PACKINGS ° GASKETS ° OIL SEALS * MECHANICAL SEALS 
MOLDED RUBBER PRODUCTS ° RUBBER EXPANSION JOINTS 


GENERAL OFFICES AND FACTORIES: PALMYRA, N. Y. 


SALES OFFICES AND WAREHOUSES 


Raven Rd. CLEVELAND 13, 1276 W. 3rd St. NEW урак 6, 106 ену St. 


BALTIMORE 18, 2828 Loch 
BIRMINGHAM 1, 519 S. 19th St. 


SALT LAKE CITY 1, 322 Dooly Bldg. 


DENVER 2, 1863 Wazee St. ALMY ve. 
BOSTON 10, 80 ‘Broad St. DETROIT {1, 2781 East Grond Bivd. PHILADELPHIA. 2,20 S. 15th St. eee e wee. 
inney Ave. TTSB enn k , . 
CHICAGO 6 jackson Blvd. LOS ANGELES 21, 2303 E. 8th 5 PORTLAND 9, ORE., 1036 N. 18th Ave, SPOKANE 4, West 610 Second Ave. 


600 W. Joc b t. 
CINCINNATI 16, 8329 Vine St. NEW ORLEANS 25, 3525 Lowerline St. ST. LOUIS 8, 3635 Forest Pork Blvd. TULSA 20, 816 Eost 6th St. 
IN CANADA—The Garlock Packing Company of Canada Limited, Toronto, Ont. Canadian Factories: Hamilton, Ont. 





GARLOCK’S LINE OF PRODUCTS 


Garlock manufactures in its own factories in 
Palmyra, New York a complete line of quality- 
controlled Mechanical Packings and Gaskets. 

In addition, Garlock also makes the following 





allied products: 
KLOZURE* Oil and Grease ‘Teflon’ Packings, Gaskets 
Seals for Bearings ond other products 
Mechanipok Seals for Rotary Pipe Thread Compound 
afts T Compound 
Rubber Tubing coping 


Packing Hooks 
Molded Rubber Products 
Rubber Enemies Joints Gasket Cutters ond Punches 


Mold;d Cups for industriel Lubricating Compounds for 
Use Packings and Gaskets 


GASKETS AND SHEET PACKING 


Garlock has the facilities to hand cut, die cut, mold or 
machine all sizes and shapes of gaskets in emy quantity. 
Some of the most popular gasketing materials, which are 
also available in sheet form, are: 


Rubber — natural or synthetic Silicone — plain or cloth- 
either plain, cloth-inse inserted 
or wire-inserted Cork-Fibre — glycerine treated 
Asbestos -— compressed or or synthetic rubber impreg- 
woven ae i 
Vegetable Fibre 
Leather ""Teflon"—ond "Kel-F' 


MOLDED RUBBER PRODUCTS 





A comprehensive line of rubber compounds, developed 
in the Garlock laboratories, is available for use in the pro- 
duction of molded rubber goods. Many of these compounds 
are also regularly made into sheet, slab, coil, gasket, ring, 
sleeves, tubing, pump valve, and discs. Facilities for the 
development, testing, and production of special molded or 
extruded rubber products are at your disposal. 


ROD PACKINGS FOR EVERY SERVICE 


Garlock Packings are made of asbestos, rubber, synthetic 
rubber, flax, cotton, jute, leather, “Teflon”, copper, bronze, 
cast iron, steel, aluminum or lead; and combinations of 
these materials—-for service against water, steam, oil, air, 
acids and other fluids at any pressure or temperature. 


* Registered Trodemark 
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t The Du Pont Company's Trademark 


OIL AND GREASE SEALS FOR BEARINGS 


Garlock e » 
KLOZURES 


Garlock KLOZURE Oil and Grease Seals are made with 
a sealing member of oil-resisting synthetic rubber molded to 
exact size and shape. Available with standard finger spring, 
garter spring or without spring. Garlock KLOZURES 
provide an efficient seal yet reduce friction to a minimum. 
There is a KLOZURE model designed for every bearing 
application. These superior oil seals are made in a complete 
range of sizes including Metric diameters to fit standard 
International millimeter ball and roller bearing housings. 
Write for Catalog 10. 


MECHANIPAK PACKAGE TYPE SEALS 


For use on rotating pump 
shafts at pressures up to 
150 p.si. These Garlock 
MECHANIPAK Seals 
operate with absolutely no 
wear on shaft or shaft 
sleeve, occupy very small 
space and come completely 
assembled ready to install. 





PRODUCTS MADE OF TEFLON? 
AND KEL-F# 


Garlock’s complete facilities enable us to mold, extrude, 
machine or otherwise fabricate (from powder) Teflon and 
Kel-F to the same high quality standards to which Garlock 
has always rigidly adhered. We invite your inquiries on: 
1. Finished Electrical Parts—molded or machined—of 
Teflon and Kel-F. 


2. Teflon Tape—Electricol grode—pretested for dielectric 
fault (moximum 85 per 100 feet of 0.005" tape). 


3. Sheets, Tubes, Sleeves and Other Shapes Avoiloble in 
Teflon or Kel-F—Teflon sheets os lorge os 48" square. 
Kel-F sheets ond discs as large as 48” diameter. 


4. Packings and Gaskets made of Teflon and Kel-F— 
Recommended for use wherever resistance to chemicals 
is required. Teflon and Kel-F packings are available 
for use on valve stems, ree rods and shafts; Teflon 
and Kel-F gaskets for all types of flanged joints. 


TO CONTACT GARLOCK 


Write, wire or telephone the nearest Garlock Sales Office 
—see locations at top of page. We will have a Garlock 
Representative call on you. 


it The Kellogg Compony's Trodemork 
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Ball or Roller 
Bearing Flange Units 


Rod Ends — 
Male or Female 


Spherical Bearings 


Pillow Blocks — 
Ball or Roller Bearing 


| Self-aligning 
Flanged Ball Bearing 


Wherever motion is to be transmitted at varying 
angles, the Heim Unibal Spherical Bearing easily handles 
any operating misalignment and actually improves design 
as well as operation. 

The Unibal principle is the universal movement of a 
single ball revolving in a bronze bearing socket. The ball 
is bored and honed to standard diameters to accept the 
shaft or stud. 

Made in a wide range of sizes, Heim Unibal Bearings 
are stocked from coast to coast, and are invariably more 
economical than specially made parts. 

Our new, complete catalog is now ready. Please write. 


me HEIM company 


FAIRFIELD, CONNECTICUT 


Other Heim Products: Flanged Roller Bearings @ Self-aligning Flanged Bal’ 
Bearings @ Pillow Blocks, roller bearing @ Pillow Blocks, self-aligning ball bear 
ing @ Flange Units, roller bearing @ Flange Units, self-aligning ball bearing 
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€ You can't see any difference in any of these springs. But 
a difference is there! Because one is an Accurate Spring . . . designed 

and engineered for the job it does. It is held to close tolerances and 
guaranteed to provide top performance 


Accurate Spring Manufacturing Company approaches spring problems 
with a background of skill, experience . . . and imagination. Something that 
makes a real difference when devising a new way to make you a 


better spring at lower cost. 
To solve that spring problem . . . and to start a pleasant association with a 
company whose business is built upon a quality product and fine 
service . contact Accurate Spring today. Ask for a copy of the Accurate 
Handbook of Technical Data on Springs too. It's full of information 
on how to specify springs. 


ACCURATE SPRING MANUFACTURING COMPANY 


3815 West Lake Street © Chicago 24, Illinois 
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Design News from ZZ Thermostat 





SEAMLESS METAL BELLOWS 
AS SMALL AS 4° DIAMETER 


For miniaturization, Bridgeport bellows in М” апа 5/16” 
diameter sizes offer many new opportunities to design 
engineers. These tiny, seamless metal bellows are hy- 
draulically formed of brass, phosphor bronze, beryllium 
copper, monel and other metals. A wide range of reactions 
and characteristics is available. 


BELLOWS ASSEMBLIES 


Bridgeport specializes exclusively 
in metal bellows of all types and 
sizes, and complete bellows as- 
semblies. Savings in time, trouble 
and money can be made by buy- 
ing complete bellows assemblies 
. . . let Bridgeport show you how. 





CONTROLS COMPANY 





Send me the Bridgeport bellows data checked below: (Dept. PDH-1400) 
[C] Full details on new, small-diameter bellows 
[] Bellows Engineering Bulletin #125 (28 pages) 


NAME 
COMPANY 


ADDRESS 


— — — — — — — — — — — — — — — — 








Catalogs 
and 
Bulletins 





To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(R-1) SEALING RiNGS— Book, 84 pp, 
describes development and present fa- 
cilities of this manufacturer of pack- 
ings, seals and gaskets. Details of 
injection molding process used for 
rubber and plastic parts and com- 
pounds regularly in production are 
given. Tables of standards for com- 
ponents are included, as well as the 
ASTM methods of testing. 

A table of available sizes of O-ring 
packings and gaskets is provided. 
Design suggestions for O-rings, dimen- 
sional installation data and some ex- 
amples of correct апі incorrect 
applications are contained in this sec- 
tion on O-rings. Cross-sectional draw- 
ings illustrate effects of varying de- 
grees of pressure on this type of 
sealing member. 

Similar data is provided on- this 
company’s new sealing device, a four- 
sided ring. This ring is said to be 
resistant to extrusion tendencies and 
spiral twisting. Information is also in- 
cluded on U-cups, V-rings, leather 
back-up washers. Minnesota Rubber 
& Gasket Co., 3630 Wooddale Ave., 
Minneapolis 16, Minn. 


(R-2) TORQUE LIMITERS — Catalog 
C14-54, 8 pp, gives complete design 
and operation information as well as 
specification tables for a line of eleven 
standard models having torque capac- 
ities ranging from 20 to 620 ft-lb. 
Morse Chain Co., 7601 Central Ave., 
Detroit 10, Mich. 


(R-3) SPRING CLUTCHES—Booklet, 
20 pp, discusses basic principles and 
design of expanding type, contracting 
type, double drum, single drum, self 
energizing and manually or externally 
energized spring clutches. Marquette 
Metal Products Co., 1145 Galewood 
Drive, Cleveland 10, Ohio. 


Product Design Handbook Issue 


— — ایو‎ a, 


ae eee ee ФА. ИМА 








oy к, ; FT ! 20 teeth 30 deg PA 
/36 DP SAE 5140 H 37 teeh 45 deg PA 13/4“ x 361 ا‎ 
24/48 DP SAE 1037 = 


24/48 DF SAE 1024 


е | | = 
= | 3 - " 
20 teeth 30 deg PA | 50 teeth 45 deg PA 
14/36 DP 410 stainless steel | 3/6 DP SAE 8660 


NEW ROTO-FLO 


28 teeth 30 deg PA 37 teeth 45 deg PA 


20/40 DP Machine steel ROL L 2 D $ 3 L і y $ $ 24 /48 DP SAE 1330 


À new "chipless' machining process, ROTO-FLO spline 
rolling, offers a lower-cost method to the design engineer 
37 teeth 45 deg PA | for producing splines, serrations, and similar accurate 28 teeth 45 deg PA 


32/64 DP SAE 1037 | toothed parts. 24/48 DP ASTM-B-16 brass 
Extremely accurate, as well as low cost, the splines may | 


be formed on a shaft, even right next to a shoulder. 


| Helical, straight or taper splines are formed in as little 
кл ' | as ten seconds, which is up to thirty times faster than 

э | | other methods. 
| Shown are some of the splines that ROTO-FLO spline 
20 teeth 30 deg PA rollers have formed in a wide variety of metals. Fine 
20/30 DP SAE 4340 | pitch standard splines formed by this method deliver 
À maximum torque, are easy to assemble, may even per- 


mit savings in material. Splines may be heat-treated the 
same as splines produced by other methods. 


Request ROTO-FLO bulletin RF-54 for additional in- 


formation. 


1-3/4” x 36 tapered serration 
SAE 1040 


20 teeth 30 deg PA 
24/36 OP ^ 245-4 aluminum 


JICHIGAN [COL фы, 
Company, Бегйеф. рее 


7171 E McNICHOLS RD  * DETROIT 12, MICHIGAN, U. S. АЗУ 
С IN CANADA: COLONIAL TOOL CO., LTD., WINDSOR, ONTARIO 


i 


- 20 teeth 30 deg PA | 
My SAE | 





Multi-Purpose 


Sateguard products in process, storage and transit 


Easy-to-apply caps and plugs of tough, flexible Polyethylene provide inexpensive pro- 
tection for tubing, fittings, valves, hydraulic components and numerous machined parts 


Providing low-cost product insurance, CaPlugs are 
easily applied to protect and seal threads, tubing and 
fittings on all types of products and parts during 
processing, storage and transit. Molded of tough, flex- 
ible, unbreakable Polyethylene, CaPlugs are impervi- 
ous to most common chemical reagents, such as 
solvents, sterilizing agents, caustic and acid baths and 
are vermin and fungus proof. They will not chip, break, 
shred or collapse under most severe conditions and 
retain form stability, under stress, at temperatures 
ranging from —94°F up to 220°F. 


3 


PUSH IN AT, CN 
3 «C PUSH ON 


TAPERED CAPLUGS (Non-Threaded Caps and Plugs) 
Can be used as caps or plugs, inside or outside of threaded 


or plain fittings. For any diameter from %” to 1%”. 
Special sizes available up to 3%”. 


se 


PD SERIES (Threaded Plugs) 


For applications requiring threads. Knurled to spin in with 
ease, they seal beyond ordinary requirements. Sizes avail- 
able for AN, SAE and JIC Tube Fittings. Seal at the flare. 


SC SERIES (Non-threaded Sleeve Caps) 
Designed to fit snugly over the outside 
diameter of tubing, sleeve caps are 
available in a number of sizes ranging 
from 3?" up. 


THREADED PIPE PLUGS 

New, expendable threaded pipe plugs of 
red Polyethylene. Square head adaptable 
to finger or mechanical tightening. Pop- 
vlar sizes available. 


Costing less to buy, CaPlugs also cost less to apply. 
Where Tapered CaPlugs have been used, time studies 
have shown 500% labor savings over other methods 
of protection. 


Easy to spot because of their bright red color, Ca- 
Plugs add to a product's sales appeal ... reflect the 
care of the manufacturer and emphasize quality. 


Furnished in 5 standardized designs, CaPlugs are 
promptly available from a multi-million inventory of 
over 200 sizes to meet a limitless number of needs. 


8 0 


EC & EP SERIES (Non-Threaded Caps and Plugs) 


Furnished to cap electrical receptacles and plug electrical 
connectors, or any similar thread or cylindrical diameter. 
EC (Caps) are red and EP (Plugs) are yellow. 


CD SERIES (Threaded Caps) 


Available in most frequently requested sizes from 34"-24 
thread to 1%”-12 thread. Knurled on the outside. (Also 
available in Phenolic with a heat resistance of 450° F.) 


WRITE FOR FREE 
ASSORTMENT, DETAILS 
AND PRICES 


CAPLUGS DIV., PROTECTIVE CLOSURES CO.; INC., 2205-9 Elmwood Ave., Buffalo 23, N. Y. 
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ACO Get your Free copy of this NEW 28-page catalog on 


AY) TRU-LOC Wire Rope Assemblies 


with streamlined swaged fi 


e design 
: ing drawl 
м p tographs and engineer e 
. oto ! 
Deol ton on all different YP“ 
inform 


e Every Design Engineer should have in his library a copy 
of this new 28-page catalog which gives complete information 
on TRU-LOC Wire Rope Assemblies. Dimensions, engineering 
drawings, material specifications, wire rope breaking 


strengths, information on coatings and finishes — all the de- 
tailed design information you need. 


TRU-LOC Precision Wire Rope Assemblies are a 
combination of swaged TRU-Loc fittings and Preformed 
Wire Rope, made complete at our factory to your specifi- 
cations. They are often used to replace expensive linkages 
or hydraulic systems. They simplify assembly, reduce 
production costs, save space and improve the appearance 
of finished products. 

No matter what your product, TRU-LOC Wire Rope 
Assemblies may be just what you need to solve a tough 
design or operation problem. They have been success- 
fully, used on products ranging from outboard motors to 
military tanks. 

Write today for your Free copy of this comprehensive 
new catalog. Experience may prove it to be one of your 


E : most valuable reference works. 
Wire Rope Sling and ——————————— 
Industrial Assemblies Department Ann агара OD. 
AMERICAN CHAIN & CABLE 


Please forward my copy of your New 28-page 
B ett er catalog TL-500 on TRU-Loc Wire Rope Assemblies. 
Wilkes-Barre, Pa., Atlanta, Chicago, Denver, Houston, 


Name 

Los Angeles, New York, Odessa, Tex., Philadelphia, Va | ue 

Pittsburgh, Portland, Ore., San Francisco, Bridgeport, Conn. ила 
In Canada: Dominion Chain Co., Ltd., Niagara Falls, Ont. 


City 








I SAVE DESIGNING AND 
MANUF URING TIME 


nam 


COMPLETE your specia! production 
equipment faster with standard 
components from this extensive 
line. Highest precision and qual- 
ity—many sizes available from 
stock. Get complete details ! 


STANDARD 
, 


ASSEMBLIES 


Available in 52 types and sizes. 
Basic Type includes male and 
female members, gib and gib 
screws. Assembled Type also has 
return springs, stop screw, Neo- 
prene shield and mounting holes. 
Sliding surfaces furnished either 
Milled or Hand Scraped. Widths 
from 2" to 6'—lengths from 
3” to 16”, 


STANDARD 


Available in Collet Type for 4%", 
3 and 44"’ max. capacity collets; 
Morse Taper Type for No. 0 and 
No. 1 Morse taper shanks; and 
Arbor Type for shankless cutters 
with 0.375” and 0.500” center 
hole. Standard Duty has single 
row ball bearings at both ends; 
Heavy Duty has double row bear- 
ings at front, 


WRITE nocu gor FREE catalog! 


RUSSELL T. GILMAN, Inc. 


1251 Milton Ave. 
JANESVILLE, WISCONSIN 


F66 


synthetic 


SAPPHIRE RUBY 


Wear Plates e Insulators 


FOR 


Relay Spacers e Tube Supports 


Infra-Red Windows 


Single Homogeneous Crystals 


e Extreme Hardness (MOH-9) 
e Surface Finish To "О" КМ5 
High Infra-Red Transmission 
Easily Bonded To Metals 
Ground e Flame Polished e Polished 


Write Today for Full Details 


INDUSTRIAL SAPPHIRE COMPANY 
BOX 422, QUAKERTOWN, PA. 


Catalogs and Bulletins 


(R-4) ROLL SHAFT BREAKAGE — 
Report No. 2, 2 pp, is the second one 
of a series concerned with basic roll 
engineering data. This report covers 
the bending moment of shafts. Two 
different shaft designs are compared 
with respect to stress concentrations 
and breakage at these points. Rodney 
Hunt Machine Co., Orange, Mass. 


(R-5) ELEVATED ‘TEMPERATURE 
MOUNTINGS—Technical Bulletin 700, 
6 pp, provides data on mountings for 
vibration isolation that are serviceable 
over the range from —80 F to 250 F. 
Lord Mfg. Co., 1635 W. 12 St., Erie, 
Pa. 


(R-6) VIBRATION ISOLATION SPECI- 
FICATIONS—Looseleaf sheets, 10 pp, 
summarizes shock and vibration re- 
quirements of military specifications, 
such as resonance, durability, cycling, 
crash safety, performance. Barry Con- 
trols Inc., 1000 Pleasant St., Water- 
town, Mass. 


(R-7) O-RINGS AND MOLDED PARTS 
—Catalog, 24 pp, includes service rec- 
ommendations, dimensional data for 





continued 


installation of O-rings, packings and 
characteristics of polyvinyl products. 
Stillman Rubber Co., 5811 Marilyn 
Ave., Culver City, Calif. 


(R-8) ROLLER BEARINGS—Bulletin 
H-54, 52 pp, contains a detailed line 
drawing of each model in each series 
and includes dimensional and load 
capacity tables and mounting detail. 
In addition, there are tables and inter- 
changeability charts. McGill Mfg. Co., 
Inc., Valparaiso, Indiana. 


(R-9) CASTERS AND WHEELS—Cata- 
log D-339, 19 pp, covers different 
types of casters and wheels. Colson 
Corp., Elyria, Ohio. 


(R-10) Porous STAINLESS STEEL 
FiLTERS— Bulletin 213, 4 pp, describes 
stock filters prices and application 
data. Micro Metallic Corp, 30 Sea 
Cliff Ave., Glen Cove, N. Y. 


(R-11) VIBRATION MOUNTS—Book- 
let, 8 pp, describes mounts and bases 
for machinery and testing equipment. 
Federal Shock Mount Corp., 1077 In- 
tervale Ave., New York 59, N. Y. 
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ара miniature bell 
ready solution to 


projects involving | space, 


RADIAL RETAINER SERIES 
BEARING NO, BORE. OD. 
2%С 


АР e: RADIAL SERIES- 
BEARING NO. BORE O.D. 





.1875” 
.2187“ 


FLANGED RADIAL SERIES (Full Race or Retainer Type) 


|  2wF 2C | 0459" | .1562" | .0625" | 
| 3r — WaFC | 0550" | .1875" | .0781^ | 
[  . 4r — Warc | 0781" | 2500" | .0937^ | 
| — SF — WSsrC | .0937" | 3125" | .1094" | 
| — 3332P — 3332*C | .0937" | .1875" | .0625" | 
| 4er — 48FC | .1250" | .2500" | .0937" | 
| — Si8F WsisrC | .1250" | 3125" | .1094" | 
|  Ssa2r Wss32rC | .1562" | 3125" | .1094" | 
| 5632F Y 5632FC | 1875” | 3125" | .1094" | 
[. ene бтр | 12907 | 3750" | O04" | Шиш — де. д 
|. 6632F W6632FC | .1875" | 3750" | .1250" | —— AF AF A 
|  6i4F 614FC_| .2500" | 3750" | .1250" | | 6632FCHH | .1875" | 37507 | 
DOUBLE SHIELDED RADIAL RETAINER SERIES — | 25007 | 37507 | 12507 
CH | 0469" |.1562" | 0937" | HIGH SPEED SERIES (Including Flanged Type) 
[H | 0550" | 1875" | -1094" | 
LACH | .0781^ | .2500" | .1406^ | 
|. ..5CHM | .0937" | 3125" | .1406^ | 
$[ 0 ec | .1250" | 2500" | 1094" | 
|... .5ISCHM | .1250" | 3125" | .1406" | 
1 р 5ззаснн | 11562” | 3125" | .1250" | 
|______56з2снНн | 1875” |3125” | .1250" | 
[| ______вззснн | 1250” | 3750" | 1406" | 
| | ,632CHH | .1875" | .3750" | .1250" | 
[ —  .éi4CHH [ 2500" [|.3750" | .1250" | 


LEID 


.1875" 


n 


— — | 375 — 
— — — — 


ANGULAR CONTACT SERIES 


—у LAME AF 
— — — — 
— — [ 2953” [ 1772” | 
[— — — — wes | 10071 | 39377 | 2362” | 


Prefixes indicate material: Standard is chrome bearing steel (SAE 52100): 


stainless: use prefix SS in ordering. 
specify suffix S in place of C as shown. 


D ы. | .042"7 | .1250" | .0469" | 
[— — — —Waa | sext | 1875" | 070" | 
[— — — — W«a | 0857 | 25007 | 0937” | 
— — — vea | nt | 37507 | 34097 
[— — — Wear | 1507 | 37507 | 14067 ] 


W indicates also available in 25 beryllium: use prefix NM in ordering. 
Tindicates minimum shaft (S) dimension, (SE) dimension on request. 


use no prefix. All bearings, except No. l'4PR, also available in 440 
SIndicates sizes available with spring separator, 
Single Shielded Radial Retainer Series also 


available, specify CH, dimensions identical to Radial Retainer Series with exception of following which are wider: 2% CH (.0937), 3CH (.0937), and 4CH 


(.1094). 
FCH and side to be shielded. 


Single Shielded Flanged Radiol Retainer Series also available, all dimensions identical to Double Shielded Flanged Radial Retainer Series. Specify 
Grooved Radial Retainer bearings are also available in 9 sizes. 


Root diameter of groove is the same as O.D. of equivalent 


Radial bearing. Self-Aligning Series and extended inner bearings available. Details on request. 


are available in ten design series and in more than 450 different types and 
sizes which normally can be supplied from stock for prompt installation. 


Instrument manufacturers and users of small precision mechanisms can 
now utilize all the well known extra advantages of anti-friction bearings 
(accurate alignment, long wear, freedom from attention) universally accepted 
in larger quality equipment. 


For more than 20 years MPB ball bearings have contributed to the suc- 
cessful operation of precision mechanisms. A pioneer in designs and 


Miniature” 


Incorporated 
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dimensions now being internationally standardized, MPB has also originated 
many precision manufacturing techniques. All MPB ball bearings are ground, 
lapped, honed and/or burnished in accordance with highest quality practice 
for optimum operating characteristics. Inspection limit tolerances are equal 
to ABEC 5 or better. 

The most extensive engineering knowledge in miniature bearing applica- 
tions is available to you. More than a million MPB ball bearings have been 
installed in precision mechanisms. Catalog 55-56 giving complete specifica- 
tions, and additional data sheets mailed to you on request. 


recision Bearings 


<> 


“Pioneer Precisionists to the World’s Foremost Instrument Manufacturers” 


16 Precision Park, Keene, N. H. 





vou tell us 


We design and manufacture the 
world’s largest variety of indus- 
trial slides, used mainly today in 
electronic equipment. Pictured 
is a typical example, 
in which the slides 


can slide out fully, 


easily. Sustains up to 
200 pounds per pair. 2. The com- 


ponent can be tilted 73 | 


and locked at any 

of several angles, 

up to plus 90° or minus 90°. 
3. If desired, can 


be entirely removed 


and returned. 


Does this suggest any new appli- 
cations in your field? Tell us. 


Grant Industrial Slides 


a product of the engineering department 
of Grant Pulley and Hardware Co. 
31-77 Whitestone Parkway, Flushing, N. Y. 








zaltrank 


Best quality, fine 


counter \\ 


\ balanced 


AS 


Rim and handles polished to high luster. 
Center hole and hub faces true with rim, 
all to close tolerances to eliminate wobble. 


HAND WHEELS 


solid or omitted. Available in stan- 


rr to 12" dia. with plating, 
machining to your specification 


S 


DISHED 


STRAIGHT 


machine HAN DLES 


Revolving hondles turn on HARDENED steel spindle with permonent 
graphite grease lubrication permitting FASTER, EASIER adjustment 
by user. Machined from quality BAR STEEL ground ond POLISHED to 


e smooth, high luster. Soft shank ends for assembly. Wide range 


e balanced cranks 
* compound rests 
* clamping levers 


Specialists for half o century in supplying industry 
BALCRANK hos the "know how" for producing these 
accessory items of finest quality ond high precision 


let BALCRANK "handle" your job... 

You can free machines and manpower for 
saleable production — and cut costs, too. Choose 
from many types and sizes immediate 
shipment. For catalog #6 and cost- 

saving price list — write or wire: 


of stondord sizes in both revolving ond solid types. 


Machine Tool Division 


BALCRANK INC. 


NATURAL & SYNTHETIC 
CLOSED -CELL 
SPONGE RUBBER 


A unique ARco advancement 
in sponge rubber! 
Available in a full range of 
densities, sizes, and thicknesses 
ond soft, medium, ond firm 
grodes ARco-CEL is mode up of 
individually seoled celis of inert 

nitrogen. 
Light, moisture-proof, soft, ARco- 
CEL is an insulating and shock- 
absorbing material, brood in 
manufacturing applications, and 
ideal for many industrial and 
scientific purposes. lt con be die- 
cut, split, laminated, and bonded 
to other materials. Some forms 
of ARco-CEL can be molded 


= - 
Ca into special shapes. 


Anything con be covered 


Descriptive folder available 


on request. 


P with rubber . . . by ARco! 


AUTOMOTIVE RUBBER COMPANY, INC. 


12558 Beech Road at P.M.R.R. 


* Detroit 39, Michigan 


DETROIT * KALAMAZOO * HOUSTON 
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Advertisement 


Exclusive Techniques and 
Services for Better 
Design, Increased Output 


—at Lower Cost 


Micro-Processing is an advanced tech- 
nique, exclusively developed by I-S, which 
permits greater design latitude—because 
the springs are tempered after forming. 
Combined with the extraordinary spring 
properties of beryllium copper, M/P as- 
sures an extremely high degree of uni- 
formity. Comparison with conventionally- 
made springs has shown M/P to be 2 to 10 
times more accurate. With this exclusive 
technique, we consistently predict and 
rigidly control the critical shapes, dimen- 
sions and elastic properties designed for 


your specific application. 


Thousands of applications by leading 
manufacturers of electronic and electrical 
equipment have proven the economy—of 
both time and actual product cost—ob- 
tained through using I-S Micro-Processed 


beryllium copper springs. 


Quality-Control 


To assure the high standards of uni 
formitv set for all L.S springs, each 
coil of beryllium copper strip and wire 
is laboratory tested and certified before 
using. Rigid inspection procedures are 


maintained at every phase of the process- 


ing and fabrication. 
Free Engineering Service 


The specialized experience and 
knowledge of our engineering staff is 
at your disposal on any problem of spring 
design. Often you can affect considerable 
economy through our knowledge of spring 
fabrication, Then, too, our vast experience 
in limitations of functional properties in 
spring design helps you to meet your 


production deadlines. There is no cost or 


obligation for this service. 


1-S Short Run Service 
For pilot model testing, “small-fry” 
orders . . . You can easily and eco- 


nomically check your design perform- 


ance with regular production line springs 


of beryllium copper—without the cost of 
regular production quantities. or without 
resorting to inaccurate handmade springs. 


Our Short Run service was organized 


expressly to handle small quantity pro- 
duction at low cost — on springs made 
specifically to your own design. Ask about 
this service — its prompt and economical. 


Instrument Specialties Co. Inc. — 
234-K Bergen Blvd., Little Falls, N. J. 
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My ENGINEER'S MICROWAVE KIT . . . saves time and money 
in development work. Contains 9 beryllium copper, jig- 
hardened circular contact rings and 6 finger contact strips. 
For information write for Bulletin No. 97-170. 


Micro-Processed " 


Beryllium Copper Springs 


to help solve your radio-electronic problems 


8 
oi ae oe a B CONTACT RINGS . . . standard—and 
ronic equipment—available in a variety aub uA M d 
of contours, pitches without tool cost. y circular—to in 
E 


Length — width — mounting holes — and sure equal pressure from all fingers. Avail- 
finish optional. able in a variety of pitches and diameters. 


EN COIL SPRINGS . . . the finest available MN MINIATURE SOCKET AND PLUG BOARD 
combination of high strength and uni- CONTACTS . . . produced with automatic 


formity. tooling. Pressure on plug pins and lab 
ormity. Made to your specifications, ductility controlled within close limits 


ENGINEER’S ASSORTMENT . .. 100 beryllium 
copper helical compression springs . . . 50 
pairs—all different. For information write for 


Bulletin No. 97-44, 


INSTRUMENT SPECIALTIES CO., INC. 


@ 234-K BERGEN BOULEVARD, LITTLE FALLS, NEW JERSEY 
Telephone Little Falls 4-0280 


“For full information on I-S Micro Processed 


Springs see our catalog No. 9-A im Sweets Product 
Design File or write today for your own copy. 


1955 





"pé : LOW COST « EASY TO INSTALL 
For Printing, Converting and 


General Industrial Service — PUSH "PULL 


PAMARCO в cma: 


MICRO-PRECISION 
ROLLS 


‘tubular, solid, engraved, simple and low cost answer to control operation of 
rubber covered, J — | light to heavy load action over long or short distances. 

Standard Arens Controls for most applications are 
chrome plated, available with a variety of control heads, casings and 
chill and warm ! — end fittings. Special controls can also be designed to 
surface gw meet specific requirements. 


rolls 
Write For Complete Information and 42- 
page illustrated remote control catalog. 


ARENS CONTROLS. nc. 


2013 Greenleaf Street, Evanston, Illinois 


и LI 
| the BALL with the 

CUTAWAY SHOWS HOW 

excise cats ha ARMORED HEART* 

NTI J NT INT N 

TREME RIGIDITY. TUBE CON. DEEP HARDENED & TEMPERED CARBON STEEL 

STRUCTION REDUCES WEIGHT. | - It is 
PAMARCO offers engineered rolls for every ! ADAPTABLE to many uses— 
industrial purpose. Precision quality, complete У 4 PRECISION MADE and held to 
service and fast delivery make Pamarco your tolerances of .0001 inch— 
dependable source for all roll requirements. | | DEPENDABLE and EFFICIENT under 
For heavy duty or light duty, all are accurately | demanding conditions — PER- 
built, economically produced and feature ground 7 FECTLY PACKAGED IN TINS to 
finish to exact specification. Rigid quality con- | à prevent loss and contamination in 
trol through all stages of production and thor- | | Shipment or storage. 
ough inspection before shipment guarantees | d س‎ 
satisfactory service from every. Pamarco roll. | d V | — of 

ase 

TECHNICAL ASSISTANCE — Our engineering staff | d (App.) (Арр.) 
will gladly make recommendations on your partic- 3/8" 


vlar roll requirements without obligation. For com- .025.. 13/32 
plete engineering service, call or write. | .030-. 7/16" 
15/32" 
434]. Р G y A M 10/32" 
GRGA 7-5 — —* 
‘44.444. PAMARCO ENGRAVED | .050-. 5/8" 
44€ APPLICATOR ROLLS | | 290. 11/16 
4“ , 





for applying lacquer and other 


finishes | 2# Only Abbott makes the Ball with 

the Armored Heart—the carbon 
steel bearing ball which is DEEP 
HARDENED and TEMPERED for 

ед А. n | maximum life, shock resistance and 

aper, ics, | load- i bility. 

General industry. Engraved | почета 

Applicator and Plate Rolls for 

Flexographic Presses 


p | ТЕК АВВОҮТ ВАК СОМЛМРАНМТҮ 
PAPER MACHINERY & RESEARCH * INC 55 Rail T { 
1014 OAK STREET * ROSELLE, NEW JERSEY vie Ари ire Bi Да M 
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Catalogs and Bulletins continued | 


(R-12) MACHINERY MOUNTS—Bul- 
letin 546, 8 pp, giving summary of 
mounts engineered for applications on 
various types of machines. Barry Con- 
trols Inc., 1000 Pleasant St., Water- 
town, Mass. 


(R-13) GEAR SETs—Manual DR-2, 
30 pp, lists all standard gear sets 
available by center distance and ca- 
pacity. Also contains material helpful 
in the selection of gear sets. Foote 
Bros. Gear and Machine Corp., 4545 
S. Western Blvd., Chicago 9, Ill. 


(R-14) SPINDLE SHAFT COUPLINGS 
—Bulletin 58, 4 pp, contains informa- 
tion and illustrations. Ajax Flexible 
Coupling Co. Inc, Westfield, N .Y. 


(R-15) MECHANICAL SHAFT SEALS 
— Bulletin 10, 12 pp, discusses seal- 
ing applications involving pressures to 
1000 psi, temperatures to 450 F, shaft 
speeds in excess of 3600 rpm and 
conditions involving corrosive fluids. 
Has diagrams of all standard and mod- 
ified designs. Sealol Corp. 197 Post 
Road, Providence 5, R. I. 


(R-16) BERYLLIUM COPPER SPRINGS 
—Catalog 9, 15 pp, contains technical 
and design data on compression, coil, 
flat, strip springs. Instrument Special- 
ties, Inc., Little Falls, N. Y. 


(R-17) MAGNETIC Disc BRAKES— 
Bulletin BK 4002, 8 pp, describes 
brakes for motors of % through 50 
hp. Contains drawings, tables, circuit 
diagrams. Dings Brakes, Inc, 4740 
W. Electric Ave, Milwaukee, Wis. 


(R-18) SHAFT FAILURES—Engineer- 
ing Report 5, 2 pp. Basic fracture ap- 
pearances of fatigue failures in shafts 
operating under various load condi- 
tions of reverse bending and rotation 
are shown. Rodney Hunt Machine Co., 
Dept. IR, Orange, Mass. 


(R-19) UNIVERSAL JOINTS—Catalog 
2, 12 pp, covers applications, engineer- 
ing data, models and sizes, proper 
joint selection. Gear Grinding Ma- 
chine Co, 3901 Christopher, Detroit 
11, Mich. 


(R-20) VIBRATION CONTROL—Bul- 
letin 616, 12 pp, contains information 
on vibration, useful charts and con- 
cise data on standard, special-perform- 
ance isolators. MB Mfg. Co., Inc., 
1060 State St., New Haven, Conn. 
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ELECTRIC WHEEL COMPANY 


2805 SPRUCE >- 





Products 
That 


Be SURE With — 
Rubber Tired, 
Metal Disc Wheels; 


p 55 E All Sizes & Kinds! 


CONSULT ALLIED ON ALL 
© WA YOUR SMALL WHEEL NEEDS! 


: € Build quality—lasting service—sales ap- 
wu. peal — customer satisfaction into your 
Se. product with ALLIED Wheels! Big range 
of stock sizes and types — or produced 

N. to your precise specifications. Priced 


Е "right"; with dependable delivery to 
meet your production schedules 
| ALLIED Wheels.... 


RE 


>й "s M н PRECISION MADE TO 
MES ш j YOUR SPECIFICATIONS! 
— p <= | No cammino ed 
WRITE TODAY! 


Г LLIE " р“ WHEEL PRODUCTS, INC. 


27 BROADWAY « TOLEDO 4, OHIO 


Representatives And Warehouses In Principal Cities 


"MONOBALL" 


Self-Aligning Bearings 


PLAIN TYPES 


CHARACTERISTICS 


ANALYSIS RECOMMENDED USE 


Stainless Steel For types operating under high temper- 
Ball and Race ature (800-1200 degrees F.). 


Chrome Moly For types operating under high radial 
Steel Ball and Race ultimate loads (3000-893,000 Ibs.). 


Bronze Race and For types operating under normal loads 

Chrome Moly Steel Ball with minimum friction requirements, 
Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. dddress Dept. DHSS. 


SOUTHWEST PRODUCTS CO. 


1705 So. Mountain Ave. - Duarte, California 
LOS ANGELES COUNTY 





Catalogs and Bulletins continued 


(R-21) SHAFT Or SEALS—Bulletin 
S-102, 99 pp, is actually a catalog. 
First section discusses factors involved 
in choosing a shaft seal for a particular 
application. Effects of seal material 
(leather, felt, rubber, synthetic) shaft 
or bore finish, speed and load are 
covered. More than 20 types of cased 
and bonded seals are illustrated and 
described. 

Tables of standard sizes for each 
seal made by this company are pro- 
vided, with each listing headed by a 
cross-sectional drawing detailing con- 
struction. Operating speeds, service 
temperature ranges, shaft and bore 
requirements and lubrication recom- 
mendations are provided. 

A discussion of engineering con- 
siderations covers shaft speed, tem- 
perature, pressure, shaft hardness, fin 
ish and diameter, alignment, runout 
Additional pages are devoted to instal- 
lation recommendations and an analy- 
sis of common causes of premature 
failures. Albert Trosted Packings, Ltd., 
Lake Geneva, Wis. 


(R-22) BREATHER FILTERS— Folder, 
Á pp, contains engineering drawings 
and photographs of internal combus- 
tion engine filters. One section is de- 
voted to detailed specifications of all 
models. Air-Maze Corp., 25000 Miles 
Road, Cleveland 28, Ohio. 


(R-23) DouBLE HELICAL GEARS— 
Bulletin 1958 E, 12 pp, offers infor- 
mation on specification, construction 
design, testing and various applica- 
tions. Also contains information on 
lubrication, diagrams, application 
charts listing dimensions in inches as 
well as illustrations of parts such as 
gear pinion, sleeve bearings, oil baffles 
and oil pump. Worthington Corp., 
Harrison, N. J. 


(R-24) Wire Ropr—Catalog G-16, 
188 pp. All tables show the particular 
wire rope constructions covered. Cata- 
log is handbook size and fully in- 
dexed as well as tab indexed by 
sections, with an additional index to 
each section. Contains information on 


specifying, use and care of wire rope. 
Macwhyte Co., Kenosha, Wis. 


(R-25) ENGINE FILTERS — Booklet, 
12 pp, presents factual engineering 
data concerning filtration problems re- 
lated to internal combustion engines. 
Engine Life Products Corp., El Monte, 
Calif. 
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Catalogs and Bulletins continued 


(R-26) O-Rincs—Catalog AD 148, 
17 pp, gives design information, rec- 
ommended pressures, size lists and 
available materials for both dynamic 
and stationary applications. Garlock 
Packing Co., Palmyra, N. Y. 


(R-27) HIGH AND LOW PRESSURE 
STRAINERS—Bulletin 9-S, 16 pp, in- 
cludes information on 15 types of 
strainers for high and low pressure 
service with oil, water, steam, chem- 
icals. Contains 16 pp of dimension 
and sizing charts, sectional drawings. 
It discusses application, design fea- 
tures, and specific operating charac- 
teristics. Schutte and Koerting Co. 
Department HT-A,Cornwells Heights, 
Bucks County, Pa. 


(R-28) VIBRATION AND NOISE Iso- 
LATION—Bulletin 543, 2 pp, gives di- 
mension data and methods of mount- 
ing, load ranges and installation pro- 
cedures for ball mounts. Barry Corp., 
Dept. BM, 1000 Pleasant St., Water- 
town, Mass. 


(R-29) BEARINGS, BUSHINGS—Cata- 
log, 40 pp, contains tabular data, 
drawings giving dimensions, proper- 
ties, other information related to 
machine parts. Wakefield Bearing 
Corp., Wakefield, Mass. 


(R-30) METALLIC O-RINGS—Book- 
let, 16 pp, provides photographs, 
cross-sectional drawings, curves, tables 
describing characteristics and proper- 
ties of O-rings. United Aircraft Prod- 


featuring 


SEALED Miniature Bearings — with ‘big bearing’ construc- 


Q MINIATURE 


BEARINGS 


tion. The only sealed miniature bearing commercially 
available. Sealed to. retain lubrication and last many 
times longer than anything you've used to date. With 
deep groove races, balanced retainer, made to precision 
tolerances; in sizes from .1969” OD. 


PRECISION Miniature Bearings — made to precision toler- 


ances including ABEC 1 and 5. Deep groove design and 
balanced ball retainer provides for maximum load 
capacity, high running speeds, long life; in sizes from 
-1181” to .8661” OD. 


LOW COST Miniature Bearings — of which the ORT Series 


of Angular Contact bearings is a good example. Utilizing 
simplified economical snap-ring assemblies, self aligning, 
self-loading, shielded, these bearings make for lower cost 
assemblies and mating parts. The bearings themselves 
are surprisingly low in cost; in sizes from .157"' to 
.787" OD. 


Pivot bearings of similar construction but without inner 
race for mounting on conical pivots are available in 


sizes from .043" to .423" OD. 


ucts, Inc., 1116 Bolander Ave., Dayton, 
Ohio. 


A COMPLETE LINE 


including 


RADIAL without inner Race — Particularly useful in oscillatory applications 
where loads are relatively light, and low starting torque is important. Sizes 
from .1181^ to .4724" OD. 


(R-31) MINIATURE VIBRATION ISO- 
LATORS—Bulletin 542, 8 pp, gives in- 
formation on construction details, load 
ranges, application and vibration char- 
acteristics. Performance curves are in- 
cluded with data on transmissibility, 
performances at extreme temperatures 
and performance after shock. Barry 
Corp., Dept. M24, 1000 Pleasant St., 
Watertown, Mass. 


ROLLER Bearings — For heavy radial loads. Separable raceways permit easier 
assemblies. Available without inner races for mounting directly on ground 
shaft. Sizes from .4724" to 1.0236" OD. 


(R-32) REVOLVING JOINTS—Catalog 
11, 4 pp. Cross-sectional drawings, 
tables of dimensions and other data are 
used to describe line of revolving 
joints for use in rolls, mills, cans, 
slashers, callenders using steam, air, : 
oil, gas or water at sub-zero to elevated Write for our new catalog, 


it is. What is your problem? 
: : coming soon and featuring a 
temperatures. Rotherm Engineering whole new line of inch size 


Co., Inc., 7280 Devon Ave., Chicago bearings. LAND ) GYR INC. 


31, Ш. 45 WEST 45th STREET, NEW YORK 36, М. Y. 


BEARING X — We call it bearing X. It’s the bearing in our line that can 


solve your problem. We'll work with you as always to discover which one 
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products. These are combina- 
tions of graphite and metal. 


FOR DRY APPLICATIONS—Where oil cannot be used 
1) IN HicH TEMPERATURES... where oil would volatilize and 
where fumes would contaminate the product. 

2) AT RooM TEMPERATURES. In heavy duty, low-speed ma- 
chinery (particularly with vibration), where oil or grease 
would squeeze out. In medium duty, medium speed, oil and 
oiling schedules are eliminated. In special usage ...Graphalloy 
does not attract dust or lint (and their abrasive action); 
does not contaminate foodstuffs or pharmaceuticals; in in- 
strument applications Graphalloy eliminates the meniscus 
drag of oil-lubricated bearings. 

3) At Low Temperatures. Graphalloy Bushings have no 
lubricant that will solidify. In oxygen pumps there is no oil 
to form an explosive mixtures. Graphalloy exceeds MIL 
specifications (operates to minus 450°F). 


SUBMERGED APPLICATIONS 

Pump bushings and seal rings, step or foot, conveyor, or roll 
bearings...submerged in water, gasoline, acids, dyes, or food 
products and pharmaceuticals. (Graphalloy is inherently 
stable—no swelling in submersion). 

SPECIAL HIGH SPEED APPLICATIONS 

Up to 100,000 RPM, where some extremely low viscosity 
lubricant other than oil is used...such as air, water, gasoline 
or steam. 

*NOTE: Babbitt, Copper, Bronze, Nickel, Silver and Cadmium 
Graphalloy types are provided regularly and new grades are con- 
tinually being developed. All applications are carefully engineered 
to your design requirements and all parts are accurately finished. 


ШУ) ОШ 


GRAPHALLOY has very long life! 
Customers have reported 15 to 
20 years service without oiling 
or maintenance. 


TYPICAL 
GRAPHALLOY APPLICATIONS 


At High Temperatures 


Ovens and Kilns © Driers è Stokers 
Conveyors e Turbine Safety Bushings 


At Medium Temperatures 


Bushings for Instruments, for Tex- 
tile, Printing, Food, and Dairy 
Machinery 


Pump Bushings and Vanes 


Inaccessible Bushings as in blowers 
and fans 


Foot and Guide Bearings, Thrust 
Washers, Cam Rollers, Piston 
Rings, Friction Discs, Seal Rings, 
Rotary Joints 


At Low Temperatures 


Oxygen Pumps © Potentiometers 
Timers e Outdoor Signal Equipment 
Airborne Servomechanisms 


... self-lubricating 


` CONTAIN NO OIL 


SPECIAL BUSHINGS 


PILLOW BLOCKS with 

Graphalloy Bushings can 
be supplied in most standard 
sizes. 


METAL-BACKED Graph- 

alloy Bushings are avail- 
able for applications where 
press-fitted bushings are not 
practicable. In most instances, 
a set screw or keyway must be 
used to hold the bushing in place. 


HANGER ASSEMBLIES are 
available for attachment to 
a machine frame or structure. 


SPECIAL TYPES of metal- 
backed bushings are used 
where there is insufficient length, 
as in spider type construction. 


BLOCK Bushings with 

square or rectangular ex- 
ternal dimensions can be pro- 
vided for special housings. 


GROOVED or SPLIT Bush- 

ings are supplied where 
bushings must be installed in 
halves. 


Send for Bushing Inquiry Form 107A ond descriptive literature. Our broad application experience is available to solve your problems. 


FOR FAST HELP ON DESIGN PROBLEMS 
... consult the PRODUCT INDEX 
of this HANDBOOK ISSUE 


(Begins on Page 12) 


Every product advertised in this issue is indexed there for ready 


reference. 


Among them may be exactly what you need right now. 


The advertisements for all these products will give you many useful 
ideas ... and more information is quickly available from each advertiser. 


To get any additional facts you want, use the handy post cards in 
front of this issue, or the coupons you'll find at the end of each HAND- 


BOOK ISSUE Section. 
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Catalogs and Bulletins continued 


(R-33) STAINLESS STEEL MECHAN- 
ICAL TUBING—Bulletin TB-365, 6 pp, 
provides information on finishes, size 
ranges, types and shapes of available 
stainless tubing. Also contains a table 
of condensed properties and process- 
ing data for nine popular grades. 
Babcock & Wilcox Co., Beaver Falls, 
Pa. 


(R-34) PERMANENT MAGNETIC 
PULLEYS—Bulletin PY-260, 8 pp. The 
bulletin includes diagrams, perform- 
ance data, specifications and a guide 
for selecting proper size. Homer Mfg. 
Co., Inc., Dept. 145, Lima, Ohio. 


(R-35) POROUS FLUOROCARBON FIL- 
TER—Booklet, 6 pp, describes several 
basic types of filters, gives data on 
pore size, particle size removal and 
flow capacity. Porous Plastic Flrer Co., 


30 Sea Cliff Ave., Glen Cove, N. Y. 


(R-36) MAGNETIC Disc BRAKES— 
Bulletin BK-4001, 4 pp, provides en- 
gineering drawings and tabulated data 
on torque ratings, dimensions. Dings 
Brakes, Inc., 4740 W. Electric Ave., 
Milwaukee 46, Wis. 


(R-37) WirE AND CABLE—Bulletin 
19-354, 11 pp, contains application, 
product and technical information on 
wire and cable for machine tools, ap- 
pliances, traffic-control, station-control, 
electric equipment applications for 
electrical contractors, plant electrical 
engineers and product designers. Gen- 
eral Electric Co., Bridgeport 2, Conn. 


(R-38) METAL BELLOWS AND HOSE 
—Catalog 145, 16 pp, gives specifica- 
tions and detail information on bel- 
lows of stainless steel, Monel, brass, 
and bronze. Hose section provides in- 
formation on convoluted and corru- 
gated types of flexible metal hose. 
Applications, construction, pressure, 
weight and standard assemblies are 
described. Flexionics Corp., 1351 S. 
3 Ave., Maywood, Ill. 


(R-39) CONVEYOR BELTS—Catalog, 
4 pp, has detailed specifications on 
solid woven and rubber belts. Main 
Belting Co., 1241 Carpenter St., Dept. 
79, Philadelphia 47, Pa. 


(R-40) Hose CoupLincs—Bulletin 
105, 4 pp, contains cross-sectional 
drawings, dimension tables, installation 
photographs. Eastman Mfg. Co., Mani- 
towoc, Wis. 
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HERES HOW YOU CAN GET THE GRAPHIC STORY OF CAMS 
THAT "COULDN'T BE BUILT"—BUT WERE DELIVERED BY PARKER! 


how Parker can engineer and build three dimensional 
cams with an infinite number of precisely machined 
stations to serve as the "brains" for a wide range of 
automatic operations. 


| HI 


PARKER 


UKAS N 


CAM DIVISION 
FRANKLIN AVENUE e HARTFORD, CONNECTICUT 





DIMCO-GRAY sto plastic | Е, > * — — 


OF SMALL PARTS 


" € Shafts, Staffs and Pivots and Special Pivot 

* X À Steel Heat-Treated and Metallographic 

х E Polished. e Tubular Products up to 3’ 

j К А Г amet C it Flare d, Swaged, Formed ar d 
| s e A our y or Silver Plated. @ Screw 

{ ۴ nir jucts up to 3/16" Diameter 

| and Knurling to Close 

and Surface Grind 


s for Ceramic Rods 


r A 


f з "n 
3. @ Light Punch-Press Work 


SERVICES FOR 

CUSTOMERS’ PARTS 

e A Multitude of Services are Available 

for Customer's Parts at Any Stage of Man- 

ifacture, These Include: Controlled-Atmos- 

here Heat-Treating, Centerless Grinding, 

face Grinding, Knurling, Thread-Rolling, 

— : - ; EN waging, Drilling, Milling, Burr Removing 
E s Metallographic, Polishing, Barrel-Plating ir 

Wee | ' OE Alloy or Silver 

1 

ч төз | 
MENSES! NO TOOL CHARGE! — 

7 A , @ “Welton” Моп-Согт e Instrument Solde 
ем ; Wide selection of stock knobs, han- S. E ,Non-Corro Instr men der 
wies: * һ d e vve ( Treated Du nwood 
09999 dles and plastic parts available without | 
tooling cost to you! Many minor changes, 
(color, design, inserts, threads, special 


А 4 materials, etc.) can be made to meet your 


— 


APPARATUS DESIGN SERVICES 


n Connection with the Design and Fabri- 
ation of Precision Miniature Parts 


WRITE FOR THIS — requirements. | BE ENGINEERING ASSISTANCE ON ALL ITEMS 


DIMCO-GRAY COMPANY fm VV elton V. Johnson 


206 EAST SIXTH STREET d DAYTON 2, OHIO 95 SUMMIT AVENUE e SUMMIT, N. J 


HARTFORD THRUST BEARINGS 
a This new ENGINEER'S 


P ps ho now ROYAL | MANUAL takes you 
ELECTRIC TYPEWRITER Design on a step-by-step 





course of designing 


"The Light Touch" wire cloth strainers to 
| meet your own special 


Your requirements. Dis- 


ШЖ быш 


STRAINER cation processes. 


Write today for your 


free copy. 
= 


The Royal clutch unit depends upon Hartford Thrust Bearings to achieve M i C H І G A N 


ooth, instant to a critical adjustment on the carriage 
ap oranger piippaa WIRE CLOTH CO. 


transmitting the yoke pressure and driving shoft d fo the clutch nose 2040 Howard Street 


instantoneously without retording friction. It is just one of several important , wc om 
Hartford bearing applications in every Royal typewriter. If you have a Detroit 16, Michigan 
bearing problem that requires precision balls, retainers or bearings made 
te your specifications, it will pay you to consult with Hartford engineers. 


MICHIGAN 
Draws the Wire 


Weaves the Cloth 
forf Fabricates the Part 
PRECISION BALLS * BEARINGS in one continuous production line 


The Hartford Stee! Ball Company, 3 Jefferson Ave., West Hartford 6, Conn. 
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SPRING DESIGN 
LITERATURE 


Available on Requesi 


The Hunter Spring Company will 
send, free, any of the 
reference literature listed below. 
When requesting material, please 
identify by number and title. 


HELICAL SPRINGS: 


Tension, Compresion, Torsion 


MD-454 ... ANALYTICAL APPROACH TO COM- 

PRESSION SPRING DESIGN (A method for 
а best design when gradient is not 
IX 


EM-1253 . . . DESIGNING SPRINGS FOR OPTI- 
MUM PERFORMANCE (Contains recommended 
spring specification form) 


MD-1151 . . . WORKING STRESSES FOR 
HELICAL SPRINGS 


MD-953 . . . DESIGNING SPRINGS (How to 
achieve simplification and reduce costs in 
designing tension, compression, torsion 
springs) 

EM-753 . . . LOGICAL SPRING TOLERANCES 


PE-655 . . . TORSION SPRING DESIGN (New! 
A design procedure for torsion springs) 


301-B . . . SPRING BUYER'S GUIDE (Reduces 
to quickly-grasped terms the various fac. 
tors influencing the cost of helical springs) 


valuable 


CONSTANT-FORCE SPRINGS: 


NEGATOR Springs and FLEX'ATOR springs 


310-N . . . THE STORY OF THE NEG'ATOR 

SPRING (Clear, concise dafa on forms, func- 
tions, applications of the first constant- 
force spring) 


ME-552 . . . THE THEORY AND DESIGN OF 

LONG-DEFLECTION — CONSTANT-FORCE SPRING 

ELEMENTS (A thorough study of the NEG'ATOR 
Spring including design formulae) 

DN-450 . . . NEW SPRING MOTOR (A de- 
scription of two constant-torque spring 

_ motors based upon the NEG'ATOR Spring) 

PE-954 . . . CONSTANT-FORCE COMPRESSION 

SPRINGS (Comprehensive data on the new 
FLEXATOR Spring including operating 
characteristics, force-deflection relation- 
ships, effects of design parameters on per- 
formance, applications) 

313A-1-55 . . . THE FLEX'ATOR SPRING, PRE- 

LIMINARY DESIGN DATA (A guide to the de- 
sign and application of a new constant-force 
compression element) 


HUNTER SPRING COMPANY 


15 Spring Street e Lansdale, Pa. 
(near Philadelphia) 


| Catalogs and Bulletins 


continued 


(R-41) AIR LINE FILTERS, LUBRICA- 


TORS, REGULATORS—Bulletin 65-1, 6 


pp, gives schematics of air lines, cross- 


| sectional drawings, tables of dimen- 
| sions and capacities. Keller Tool Co., 
| Grand Haven, Mich. 


(R-42) MECHANICAL SEALS—Bulle- 
tin S-204-2, 11 pp, contains cross-sec- 
tional drawings, cutaway views, de- 
sign recommendations. Crane Packing 
Co., 1800 Cuyler Ave., Chicago 13, Ill. 


( R-43) 


letin 7, 


FLEXIBLE COUPLINGS—Bul- 
7 pp, contains technical data 


| such as ratings, drawings, specifica- 


tions, service factors, plus information 


| on uses of rubber-bronze bushed flex- 


ible couplings. Ajax Flexible Coupling 
Co., Inc., Westfield, N. Y. 


(R-44) SHOCK AND VIBRATION 


| MouNTS—Brochure, 4 pp, has brief 
| descriptions of standard isolators, in- 
| cluding miniature mounts for elec- 


tronic gear in aircraft, shock mounts 


| for mobile and shipboard packaging 
| and leveling units. Also lists technical 


articles on various aspects of shock 


| and vibration. Barry Corp. Dept. P, 


1000 Pleasant St., Watertown, Mass. 


(R-45) CLUTCH-COUPLING UNITS— 
Catalog 102, 20 pp. Over-running 
clutches for over-running, backstop- 
ping and indexing applications are in- 
cluded. Photographs, application draw- 
ings, and engineering and specification 


| data for each clutch of the six stand- 


ard lines are provided. Other sections 
give specific information on selection, 
installation and maintenance. Form- 
sprag Co., 23601 Hoover Road, Van 
Dyke, Mich. 

(R-46) 


CROWN COUPLINGS—Bulle- 


| tin 2203, 4 pp, includes an exploded 
| view of the coupling and a table con- 
| taining data necessary to select the 
| correct coupling for a given applica- 


tion. Prices are specified. DeLaval 
Steam Turbine Co., Trenton 2, N. J. 


(R-47) CHAIN COUPLING— Bulletin 
1 р. Cross-sectional drawing and 
tabular data on shaft couplings. 


Browning Mfg. Co., Maysville, Ky. 


(R-48) AiR-OPERATED CLUTCH — 


Bulletin A-634, 4 pp, gives data on 
| air control and release valves. Includes 
clutch sizes, dimensions, bore sizes, 


weights and list prices. Dodge Mfg. | 
| 


Co., Mishawaka, Ind. 
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7 IN FOIL METAL 
NAMEPLATES 
.003 ALUMINUM * INEXPENSIVE 
* ANODIZED 

* ETCHED 


A 
* 


nameplates SPEEDY CALS 


vse 


If you 


ж QUICKLY APPLIED 
* APPROVED 


TODAY for complete information and a 


FREE SAMPLES 


of 


plusa FREE SPEEDY CAL Decimal Eaquiva 


lent Chart 


supply 


generous 


* NO DRILLING 


kx SPARKLING COLORS 


kx PERMANENT 


* QUICK DELIVERIES 


FOR SPEEDY SERVICE ET ЯУ? NAMEPLATE INC, BAYSIDE, N.Y. PHONE BA. 4-4000 


214-27 NORTHERN BLYD 





ave you investigated the 
design and cost saving 


opportunities offered by 


—— 


The FIRST Name 
in non-metallic gaskets now 


covers a wide range of materials 


e Time tested products like genuine 
Vellumoid, Vellutex, Velbestos and 
Velbuna are now supplemented by a 
number of beater-mix and fibre-syn- 
thetic rubber gasket materials. 

« Thesenew materials—all thoroughly 
tested to high performance standards 
—are solving many gasket problems. 
Send us your gasket problem. 


e Our sales engineer in your territory 
is always available for consultation. 
Write for a copy of our “Gasket Hand- 
book''—-a technical reference book on 
non-metallic gasket materials. 


You can depend on quality Vellumoid 
Products 





No. 7028 
NEOPRENE 
TIRED 
ROLLER 


DICTATING 
MACHINE 


Standard and Special Ball Bearings Since 1902 
Write for Cat. No. 150 


a Se = 
ЬМ I NICE BALL BEARING CO. [ 
NICETOWN «PHILADELPHIA + PENNSYLVANIA 


* S6 ROCKDALE ST. - WORCESTER, MASS. 


SNB SERVE 


D 
* ж 


1 AIR " : m KS FOR FAST HELP 
“LOCK WELD’’ Swivel Casters - Without King -Pin ON DESIGN PROBLEMS 


CSN these unmatched advantages: 
e AN No King-Pin. Patented "LOCKWELD" 
ге 7] construction eliminates the major e. d S consult the 
cause of caster failures. 
E oe Patented leg designs — disperses 


shocks and overloads. 


Larger raceways and ball bearings — 
for faster, easier swiveling. PR D U | IN D ЕХ 
Fairbanks Series ‘'23’' double ball 


race swivel casters. 3’ to 8”. 


=> 


1 
' 
' 
а, * 
v4 


a 


of this 


i VEST: Casters 
Fairbanks Series 
"$00" Vulcan. ond wheels 


catalog com- 
plete with spe- 
cifications 


Fairbanks Series Fairbanks Heavy 
"21" single ball Duty Series “27 
race swivel cast- double race ; ized Rubber 


ers to swivel casters ' Tired Wheels. 
NEZ 
‚/ 


ътъ ътт ө чо тт 


| | (Begins on page 12) 
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Catalogs and Bulletins continued 
(R-49) PACKING, GASKETS—Bulletin 
410, 6 pp, describes O-ring, V-pack- 
ings, tape, gaskets, shapes, rod, sheet, 
cylinders molded of Teflon. Micromold 
Products Corp., 11 Centre Pl., Yonkers, 
N. Y. 


(R-50) Rorr SHaArrs—Bulletin, 2 
pp, is fourth of a series on aspects of 
industrial roll design. This report dis- 


cusses combined torsion and bending 


in roll shafts. Hunt Machine 


Co., Orange, 


Rodney 
Mass. 


(R-51) Split BALL BEARINGS—Cata- 
log 54, 24 pp, describes complete 
line of ball bearings. Gives load and 
speed ratings, design data, dimensions. 
Lines shown are single and double 
row ball bearing bushings in extra- 
thin section; fully split, heavy duty 
pillow blocks; fully split, duty 
ball and roller bearings; thin section 
instrument bearings in torque tube 
dimensions for precision applications, 
and heavy ball 
bearings. i 


heavy 


duty metric series 

Information on the various design 
possibilities afforded by the use of 
fractured bearings is also in- 
cluded. Split Ballbearing Corp., 
non, N. H. 


race 
Leba- 


(R-52) CAM CLUTCHES — Catalog 
C11-54A, 8 pp, has general informa- 
tion on cam clutches, including cuta- 
way views, operating functions, line 
drawings. Specifications, installation 
procedures and lubrication informa- 
tion are also included. Morse Chain 
Co. 7601 Central Ave, Detroit 10, 
Mich. 


(R-53) OVERHEAD CONVEYOR TROL- 
LEY—Booklet, 20 pp, includes appli- 
cation and maintenance information 
and a description of attachments com- 
monly used. There are 12 illustrations 
of typical overhead trolley installa- 
tions. Link Belt Co., 307 N. Michigan 
Ave., Chicago 1, Ill. 


(R-54) CONVOLUTED COUPLINGS — 


the Teleflex flexible rack gives 


^ 
Md roro Ли 


new answers to 


mechanical control problems 


On a Jet Engine: 


Mechanical Feedback Linkage — Teleflex provides a highly 
accurate linkage to complete a servo system loop. One end 
of the Telefiex system is exposed to a 350° F. ambient 
temperature. 


A specially designed control box, incorporating a spring- 
loading feature, allows for a selection of spring loads up 
to 25 pounds, applied in either direction, depending on the 
individual mounting arrangement or system load. 


System over 100 inches long, with 270° of bend has only 
.022” backlash. Under more favorable bend and length 
conditions, another system holds backlash to .005" using 
a similar control box. 


On Three Styles of One Manufacturer’s Grinder: 


Remote Control for Hydraulic Valves (on table feed, cross 
feed, etc.)—Teleflex controls valves, on machine's side, from 
operator’s panel at front. Specially designed control boxes 
allow precise control adjustment during installation. Linkages 
operate 5 basic valves, and 3 valves for —— accessories, 
per grinder. Average backlash — .020”-.025” 


©) 


Design engineers throughout industry have discovered this compact, single- 
path linkage to route motion through a devious course — positively and 


accurately. 


Operating through precisely drawn conduit, Teleflex flexible cable transfers 
linear, arc, and rotary controlling motion as tension or compression push- 
pull motion. Cable helix meshes with hobbed wheels placed wherever rotary 


motion — up to a full revolution or more — is required. 


Write for engineering data, a complete 
description of Teleflex, and illustrations of 
other actual Teleflex applications. Address: 
Teleflex Incorporated, 125 S. Main Street, 


Catalog 55, 16 pp. Engineering data, 
with spring rates, deflection forces and 
dimensions, are given on a new line of North Wales, Penna. 

expansion joints for low pressure and 

vacuum service. Included are ten pages 

of tables giving complete data on each 

size and type of coupling, along with 

dimensional diagrams and formulas 

for calculating various movements of MECHANICAL 
couplings. Solar Aircraft Co. 2200 ; 
Pacific Highway, San Diego 12, Cal. NKAGI 


Ask for 
Aircraft Bulletin F79A 
Industrial Bulletin F791 
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and 
reduce 
“nuisance” 
set-ups 

with 
B-A STANDARD 


BEARING 
COVERS 


The badge of quality on 
your product 


The users of your product 
respect the name Marsh 
on a pressure gauge or 
dial thermometer. Adopt 
Marsh Instruments and 
you will know why they 
have become ‘‘The 
Standard of Accuracy". 
There is a Marsh for 
every service. 


Ask for this new catalog... 
It covers your instrument 
requirements. 


MARSH INSTRUMENT CO. Sales Affiliate of Jas. P. Marsh Corporation 
Dept. 39, Skokie, Ill. e Marsh instrument & Valve Co. (Canada ) Ltd., 8407 
03rd Street, Edmonton Alberta e Export Dept., 3501 Howard Street, Skokie, Ill. 


Descrip- Beating Depth ч” Belt 
Ea Rabbet Circle 
LUG 
— Тя 
EKA ESIC Ea 


hla aci | 


B-A Standard Bearing Covers are available 
in 14 sizes, 12 types, 3 depths. They fit all 
standard size ball and roller bearings. Ap- 
proved by all bearing manufacturers. Low 
unit cost in small or large quantities. 


FOR FAST HELP 
ON DESIGN PROBLEMS 


. . . consult the 


PRODUCT INDEX 


of this 


HANDBOOK ISSUE 


(Begins on page 12) 





Use B-A bearing covers and reduce your 
designing, drafting, detailing and checking 
time, plus the entire elimination of your 
costs of patterns, jigs, fixtures, gages, etc. 


FREE INFORMATIVE BOOKLET 


Here is a free, helpful booklet prepared 
for you in selecting B-A Standard Bearing 
Covers. Contents include valuable design 
data. 


BEARING APPLIANCE CO. 
5823 GREENE STREET 


PHILADELPHIA 44, PA. 
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USE TIME-SAVING COUPONS BELOW 


... ѓо request further information on 
all products advertised in this Handbook Section 


... to request your copies of product catalogues 


and bulletins listed and described in this section 


( You will find similar coupons at the end of each Handbook Section ) 


CONSULT THE PRODUCT INDEX 
beginning on Page 12, when you 
want all available information on 
a particular type of product: this 
Product Index is your guide to all 
advertisements in this Handbook 
Issued by manufacturers of this 
type of product. 


CIRCLE THESE NUMBERS FOR FURTHER INFOR- 
MATION ABOUT ADVERTISERS APPEARING IN 
THIS SECTION 


F50-1 Е$2 F53 F54 F55 F56 F57 
F58 F59 F60 F61 F62 F63 F64 
F65 FL66  FBR66 F67 FL68  FTR68 FBR68 
F69 FL70 FTR70 FBR70 F71 FTL72 FBL72 
F73 F74 F75 FTL76 FBL76 FTR76 FBR76 
FL77  FR77 FTL78 FBL78 FTR78 F79 

FTR80 FBR80 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION 


R2 R3 R4 R5 R6 R7 
R9 R10 Rll R12 R13 
R16 R17 R18 R19 R20 
R23 R24 R25 R27 
R31 R32 R34 
R38 R41 
R45 


For specific information about products: 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to Product Engineer- 
ing's Product Design Handbook issue for 1956, and 
page number of advertisement prompting your 
letter. 


CIRCLE THESE NUMBERS FOR FURTHER INFOR- 
MATION ABOUT ADVERTISERS APPEARING IN 
THIS SECTION 


F50-1 F52 F53 F54 F55 F56 F57 
F58 F59 F60 F61 F62 F63 F64 
F65 FL66  FBR66 F67 FL68  FTR68 FBR68 
F69 FL70  FTR70 FBR70 F71 FTL72 FBL72 
F73 F74 F75 FTL76 FBL76 FTR76 FBR76 
FL77  FR77 FTL78 FBL78 FTR78 F79 

FTR80 FBR80 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION 


Rl R2 R3 R4 RS R6 R7 

R8 R9 R10 Rll R12 R13 R14 

R15 R16 R17 R18 R19 R20 R21 

R22 R23 R24 R25 R26 R27 R28 

R29 R30 R31 R32 R33 R34 R35 
R37 R38 R40 R41 R42 
R44 R45 R47 


For specific information about products: 





NEW BOOKS 
Fastening and Joining 


Welding for Engineers by Harry 
Udin, Dept. of Metallurgy, Massa- 
chusetts Institute of Technology, 
Edward R. Funk, Engineering Con- 
sultant, Goodyear Aircraft Corp., 
and Jobn Wulff, Dept. of Metal- 
lurgy, Massachusetts Institute of 
Technology. 6 x 9 in., 430 pp. Pub- 
lished by John Wiley & Sons, Inc., 
440 Fourth Ave., New York 16, 
N. Y. $7.50. 


This book presents an analytical ap- 
proach to the heterogeneous field of 
welding engineering. Although pri- 
marily a textbook for engineering stu- 
dents possessing a background in 
physics, chemistry and metallurgy, it 
is also good reading for practicing en- 
gineers for a broadening knowledge 
of welding principles. 

This is not basically a “how to do it” 
book, but a “cause and effect” pres- 
entation. Metallurgical and chemical 
changes resulting from various weld- 
ing methods are analyzed. To this end, 
principles from physics, mathematics, 
chemistry, metallurgy and mechanical 
engineering are employed in the pres- 
entation. 

A glossary of welding terms is in- 
cluded as well as 63 problems relating 
to principles discussed in the text. 


Adhesive Bonding of Metals by 
George Epstein, Research Engr., 
North American Aviation, Inc., 
Downey, Calif. Reinhold Pilot 
Book, 4/2 x 634 in., 218 pp. Pub- 
lished by Reinbold Publishing 
Corp., Book Div., 330 West 42 St., 
New York 36, N. Y. $2.95. 


The purpose of this book is to per- 
mit an engineer or technician, con- 
cerned with the problem of joining 
two materials, to determine if an ad- 
hesive-bonded joint will be advan- 
tageous, what type of adhesive to se- 
lect, how to employ the adhesive, and 
how to design the joint for optimum 
performance. In particular, adhesives 
are considered which are most gen- 
erally employed with metals. 

In order to familiarize the reader 


F82 


with the physical and chemical proper- 
ties of adhesives, a fairly comprehen- 
sive discussion is given to the chem- 
istry and formulation of adhesives, 
especially in relation to the properties 
of the cured adhesive bonds. Exten- 
sive treatment is also presented of the 
various factors affecting the strength 
of adhesive bonds, including the con- 
cept of joint factor and its use. Sand- 
wich construction is considered in some 
detail, especially with reference to the 
roles played by adhesives. 


Dimensional Standards for Square 
and Hexagon Bolts and Nuts. 
B18.2-1955. Prepared by Sectional 
Committee B18 sponsored by SAE 
and ASME. Available from the 
American Standards Association, 
70 East 45 Street, New York 17, 
N. Y. $1.25. 


This 1955 edition removes incon- 
sistencies and clarifies the text of the 
earlier edition. This Standard covers 
the following items: 

(1) Square and Hexagon Bolts— 
nominal size or basic major diameter 
of thread; body diameter; width across 
flats; width across corners; height; 
and radius of fillet. 

(2) Lag Bolts—diameter of bolt; 
threads per inch; thread dimensions, 
width across flats; width across cor- 
ners; height; length of shoulder for 
rolled thread; and radius of fillet. 

(3) Square and Hexagon Nuts— 
nominal size or basic major diameter 
of thread; width across flats; width 
across corners; and thickness. Also; for 
slotted nuts, width and depth of slot; 
for castle nuts, radius of fillet and di- 
ameter of cylindrical part. 


Welding Processes and Procedures 
by J. L. Morris, Association Profes- 
sor of Mechanical Engineering, 
Georgia Institute of Technology. 
515 x 815 in., 255 pp. Publisbed by 
Prentice-Hall, Inc., 70 Fifth Ave., 
New York 11, N. Y. $5. 


Although prepared expressly for col- 
lege students pursuing brief courses in 


welding, as well as students in techni- 
cal institutes and advanced vocational 
schools, the practicing engineer should 
find the book valuable as a comprehen- 
sive reference to welding processes and 
procedures. The book is well illus- 
trated with sketches and photographs 
to aid in the selection of the correct 
process for a particular job. 

Arrangement of material on the 
more important welding processes is 
as follows: (1) History, (2) Descrip- 
tion, (3) Details of Use, and (4) Ap- 
plications and Limitations. Contents 
include electric-arc, oxy-gas, electric- 
resistance and miscellaneous welding 
processes; also welding metallurgy, 
welding of commercial metals, testing 
and inspection of welds, stress and dis- 
tortion, joint design, metal spraying 
and surfacing, braze welding, brazing 
and soldering, oxygen cutting and 
economy factors in welding. Welding 
exercises are included. 


Adhesion and Adhesives. 229 pp., 
edited by F. Clark, J. E. Rutzler, Jr., 
and R. L. Savage. Publisbed by So- 
ciety of Chemical Industry, London, 
England. Distributed by Jobn 
Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. $9.75. 


Papers dealing with the theory and 
practice of adhesion, presented at a 
symposium held at Case Institute of 
Technology and a conference spon- 
sored by the Society of Chemical In- 
dustry (England) are collected in this 
volume. 

The papers constitute a concise sur- 
vey of the status of basic knowledge 
in this field. The first part of this vol- 
ume deals with fundamentals and 
covers such topics as: Survey of Adhe- 
sion and Types of Bonds Involved; 
Enérgy of Adhesion, Molecular Forces, 
and Adhesive Rupture; The Part 
Played by Fluids in Adhesion; and The 
Mechanism of Adhesion. 

The second part of the book is con- 
cerned with the practical aspects of 
adhesion and investigates such sub- 
jects as: Types and Uses of Adhesives; 
Adhesives for Glass; and others. 
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Fastening 


and Joining 


Adhesive Bonding in Structural Applications 

Strength of Tapped Holes by C. J. Oxford and J. A. Cook Fastening G 
Design of Parts with Chased Threads and Joining 
Titanium Bolts and Fasteners 

Assembly and Maintenance of Bolted Flanged Joints 

Applications of Helical Wire Inserts by Paul E. Wolfe 

Tensile Strength of Brazed Joints by Nikolajs Predzs 

Ultrasonic Fluxless Soldering by W. C. Potthoff 

Silver Brazing of Refractory Metals by C. H. Chatfield 

Brazing Processes and Filler Metals 

Joining Circular Parts Without Fasteners 


Fastening Sheet-Metal Parts by Tongues, Snaps or Clinching . 





Tensile sheor strength, psi 


ps' 


shear strength 


ensile 


+ 





Temperature, F 


From: Literature Survey* 


ADHESIVE BONDING 
In Structural Applications 


Basic materials used in adhesives and their characteristics. Advan- 


tages and disadvantages with respect to other joining methods. 


Strength of Epoxy and Phenolic bonds. Applications of adhesives. 


ADHESIVE BONDING is generally de- 
fined as the joining of two materials by 
the use of a basically organic material 
as the bonding agent. The organic ma- 
terials from which almost all adhesives 
are compounded fall into four groups: 
three are synthetic; they are the syn- 
thetic thermoplastic, thermosetting and 
rubber base resins. The fourth is the 
natural protein group. Adhesives used 
in structural applications are 
generally based upon synthetic resins. 


most 


In Table I the characteristics of the 
synthetic resins are compared. 
Synthetic resins are capable of hard- 
ening upon suitable reactions, generally 
in the presence of heat or a catalyst. 
This process, termed curing or setting 
is usually accom- 


of the adhesive, 


* The Welding Journal 
Basic Materials Conference 
SAE Annual Meeting 
Product Engineering 
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plished by the application of pressures 
ranging from 10 to 400 psi. The epoxy- 
base adhesives are the outstanding ex- 
ception, requiring only contact pres- 
sure, and room temperature curing. 
Some basic advantages of adhesive 
bonding are: joins dissimilar materials; 
eliminates the need for high tempera- 
tures during joining, such as in weld- 
ing; eliminates the need for piercing 
materials as in riveting; fastens parts 
to thin structures; provides leak-proof 


joints (sealing action ) ; increases struc- 


rural effectiveness by uniform stress 
distribution; increases service life by 
reducing weight and giving smooth 
contours and surfaces; reduces produc- 
tion costs; and provides insulation and 
vibration-damping properties. 


Applications of Bonding 
The thermoplastic adhesives include: 
Acrylic 


resins; 


derivatives, 
Styrene 


esters, 


alkyd 


Cellulose 


vinyl resins; 


ОО 
Temperature, F 


resins; and polyamide resins. These 
materials find their greatest use for 
nonmetallic bonds, particularly paper, 
textiles and wood. With the exception 
of some vinyl resins and the polyamide, 
the bonds on metal are poor. 
Thermosetting adhesives include: 
Phenol resins; resoreinol resins; furane 
resins; amino resins; polyester resins; 
silicone resins; and epoxy resins. This 
group is more versatile for use on non- 
metals than the thermoplastics. In ad- 
dition, a larger number give high- 
strength bonds with metals; the best 
being the epoxies; silicones and phe- 
nolics. Bonds are stronger over a wider 
temperature range for this group than 
for the thermoplastic adhesives. 
Rubber-base adhesives include: Na- 
reclaimed; butyl; 
chlorinated; buta- 
diene-acrylonitrile; and silicone rub- 
bers. Bond is good with all nonmetal- 
lics. The best types for metal bond- 
ing are the butadiene-acrylonitrile, 
Thiokol and silicone rubbers. Strength 
at temperature falls between the ther- 
mosetting and thermoplastic groups. 


tural; neoprene; 
Thiokol; cyclized; 


Joining of Dissimilar and Thin Mate 
rials. An adhesive bond provides a thin 
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Fig. 1—Shear strength of 
epoxy resin-based adhesive 
bonds.—(A) Tensile shear 
strength of Shell’s Epon 
Adhesive VIII. — (B) 
Double lap shear strength 
of Ciba’s Araldite AN-100 
cured 1 hr at 392 F.—(C) 
Effect of bond thickness on 
strength of Epon Adhesive 
VIII. 


Tensile shear strength, psi 


insulating layer between the materials 
joined. In preventing contact of dis- 
similar metals, this layer minimizes 
galvanic action with its accompanying 
corrosive effects especially in moist 
atmospheres. 

Thinner gage metals may be em- 
ployed in adhesive-bonded structures 
than in those joined by other methods. 
Often the adhesive bond is 
than the parent metal. The metal need 
not be pierced or otherwise damaged 


during the joining operations 


stronger 


Sealing Action. An adhesive bond pro- 
vides both sealing and joining simul- 
taneously. Such bonds can be employed 
in the fabrication of structures that are 
required to be airtight, or that must 
be sealed against high-pressure differ- 
entials and fuel vapors. The use of ad- 
hesives avoids the need for sealants 


Entry stress in metal, ps: 


4 5 6789100 2 3 


since no holes are introduced into the 


structure during the bonding process. 
Production Advantages. Large areas 
can be joined in one bonding opera- 
tion. Many adhesives can be applied 
by spraying or brushing, permitting 
the coating of large areas in a relatively 
Most of 


are automatic or at 


short time. these operations 


least semi-auto- 
matic, so that skilled workmanship 


not critical. 


With an adhe- 
structural loads can be dis- 


Structural Advantages. 


sive bond, 
tributed over the 


uniformly panel 


areas, thus reducing the tendency for 


buckling of the panel. 


Sandwich Construction. Lightweight 


core materials sandwiched between and 


bonded 


to two relatively strong and 
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thin skins or facings are employed in 
primary as well as secondary aircraft 
structures. Examples include 
bulkheads, partitions, floors, fuselage 
and wing skins, control surfaces, and 
radomes. Adhesive bonded sandwich 
constructions with window glass as a 
facing material are being studied for 
use in decorative applications, as in 
table tops, office partitions and sky- 
lighting. 


doors, 


A wide variety of core materials are 
available for sandwich construction 
They range from thermoplastic mate- 
rials, such as Styrofoam and cellular 
cullulose acetate, to honeycombed 
aluminum and steel foils. A similarly 
wide choice of facing materials exist 
The result is a great flexibility in 
choice of materials, physical properties 
and design of the panels. 


Tensile Shear Strengths of Bonds 


Typical mechanical strengths obtain- 
able from an epoxy resin adhesive arc 
shown in Table II. The corresponding, 
requirements of the Air Force Speci- 
fication No. 14164 are included fos 
comparison. Naturally these strengths 
vary with the type of metal being 
bonded. At room temperature, double 
lap tensile shear strength of an epoxy 
resin bond on 52 S aluminum is 8,100 
psi. On other materials it is lower, ap- 
proaching 7,600 psi on chrome nickel 
steel, and dropping to about 7,000 psi 
on copper and mild steel. 

The tensile shear strength of this 
type adhesive over a range of tempera- 
ture is shown in Fig. 1 (A). The 
double lap shear strengths obtainable 
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(Layee i-e of lap |? 
Sheet thickness 


4 567891000 кл 


5 6 78910000 


Fig. 2—Curves for 24 ST aluminum using Bloomingdale Rubber Co. FM 45 and 47 vinyl— 
phenolic thermosetting adhesive for comparison of adhesive—and an additional curve for 75 ST 
for comparison with alloy. Increasing lap length reaches a point of diminishing return. 
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Table I—Adhesives Suitable for Metal-to-Metal or Metal-to-Other-Materials Bonding 


Chemical 


Adhesive group type 


Synthetic thermoplas- 
tic adhesive 


Vinyl 


Phenol 
Special 


Synthetic thermo set- 
ting resin adhesives 


Rubber base adhesives 


Materials 


Vinyl acetate or vinyl alcohol acetate 


Vinyl chloride 

Vinylidene chloride copolymers 
Vinyl chloride acetate copolymer 
Vinyl butyral 


Miscellaneous —polyamide 
Phenolic polyamide 
Silicone 


10 Neoprene rubber 


11 Butadiene-acrylonitrile 


12 Butadiene styrene rubber 
13 Thiokol 


SUITABILITY 


Glass 
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*SR, Solvent release; F, fusion; R, room-temperature cure; M, medium-temperature cure; H, high-temperature cure; and Vulcanization. 


Ratings: E, excellent; G, good; M, medium; 


with a hot melt stick adhesive cured 
for one hr at 392 F are shown in 
Fig. 1 (B). In Fig. 1 (C) is shown 
the effect of bond thickness on strength 
of tensile shear specimens. 

The consistency of strength within 
wide limits of bond thickness makes it 
possible to assemble large sections 
where accurate matching of parts is 
not always possible. It also permits 
low assembly pressures, since mini- 
mum glue-line thickness does not ap- 
pear to be required as a factor in 
obtaining maximum efficiency with 
the adhesive. 

The load that a given shear joint 
will carry is a function, primarily, of 
the stress in the metal sheet as it enters 
the bonded joint, the length of the lap, 
the eccentricity of the joint, the yield 
strength and modulus of elasticity of 
the adherents—and the modulus of 
rigidity of the adhesive. 

For a joint between two members 
of equal thickness and similar material 
an average entry strain or stress can be 
plotted against lap length divided by 
member thickness squared. This rela- 
tion can be developed from theoretical 
considerations, if the physical proper- 
ties of the adhesive and the member 
are known. Similar theory can be 
extended to give joint strength for 
members of unequal thickness and dis- 
similar materials. Fig. 2 is a non di- 
mensional plot of joint entry strength, 
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, fair; and P, poor. 


against the square of the ratio of the 
lap length to sheet thickness—as deter- 
mined from laboratory tests—of sam- 
ples of equal sheet thicknesses. 


Comparisons to Other 


Joining Methods 


For joining nonmetals, adhesive 
bonding is the only practical method 
available other than mechanical fasten- 
ing. Compared to this the adhesive 
bond is more uniform, neater, makes 
liquid and airtight joints and has bet- 
ter resistance to fatigue and buckling 
stresses. 

For joining metals it offers the ad- 
vantages of less weight per bond. The 
corrosion resistance towards acids and 
bases is superior to soldering and braz- 
ing. Because joints can be made at 
room temperatures and temperatures 
lower than those required by solder- 
ing and brazing, it permits the joining 
of metals that are affected by heat. 
Also, the bond has high resistivity. 

However, compared to soldering 
and brazing the limitations in design 
caused by poor peel strength, the re- 
quirements for a different adhesive for 
each specific application, and limited 
shear strength and the presence of 
volatiles are disadvantages. 

In Table III are compared some of 
the properties of adhesive bonding, 
soldering and brazing. All three proc- 


esses are related in one sense— basically 
they use low ranges of temperature. 
For extremely light gages of alumi- 
num, adhesive bonding has often pro- 
vided an excellent solution to the 
joining problem. Where the design 
does not permit long lap joints—a 
bonding requisite—there are now new 
soldering materials, such as solder filled 
with special flux suitable for alumi- 
num, that has given excellent results. 
Where higher tensile strength is de- 
sirable, low melting aluminum brazing 
filler metal with specially designed 
fluxes is also successfully used. 
Extremely light gages of copper and 
heat-treated alloys such as beryllium 
copper, adhesives will give satisfactory 
results even though the strength values 
will not be as high as on aluminum. 
For greater strength there are specially 
formulated solder type alloys for cop- 
per and brass with fluxes in the core, 
or the more recently developed mixture 
of flux with solder in paste form. 
Where corrosion resistance and still 
greater strength values are needed, sil- 
ver alloys are often recommended. 
Among these, excellent results have 
been obtained with powdered silver 
alloys mixed with an adequate flux 
and used in paste form, particularly 
where higher heat resistance and con- 
ductivity are necessary. 
Adhesives are used in many in- 
stances where light gages have to be 
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Table II—Typical Mechanical Strengths of Epoxy 


RESISTANCE RATING 


Sol- 
vent 


ROORE 


| 


eam moo | ш шочо 


ogoomso! 


Fungi 


Resin Bonds* 


echanical Property 





At —70F... 
At JUS. 
At 180 F 


At 250F.... 
At 300F 


pj m mm m 


M 
M 
G 
G 
M 


Bend Strength, Ib 


At 77F.... 
At 180 F 


oo"gg|zo""zg 
ш отно 
pim 


ош ооо | 
шш 


Tensile Shear, psi at 77 F after: 
30 da in tap water. 
30 da in salt spray QQ-M-151...... 3,100 2,000 


7 da in ethylene glycol 

7 da in anti-icing fluid AN-F-13 

7 da in hydraulic fluid AN-0-366. 

7 da in hydrocarbon AN-F-42..... :| 


Tensile Shear Strength, psi 


Izod Impact Strength, ft-lb/sq in 


Long Time Strength (200 hr), psi 


3, 
2,200 ‚600 


800 
4,200 2,000 


3,000 


3,100 
4,000 
3,700 


2,000 


2,000 
2,000 
2,000 


*Shell Epon Adhesive VIII on 24S- T3 Alclad Aluminum 0.064 in. thick. 


bonded on alloy or stainless steels. 
Strength values are, however, low. 


More practical has been the use of 
soft solders, particularly in paste form 
(solder and paste combined). Also, 
various soft solders developed for 
higher strength (cadmium base) 
have given excellent results. Where 
higher strength and heat resistance are 
needed, specially developed silver al- 
loys are now available in addition to 
the silver alloy. One of the most suc- 
cessful for stainless steel has been a 
new alloy of copper, silver and nickel. 
Light gages, where high strength is 
required, have been joined with this 
alloy when the design did not permit 
a lap joint with BCuZn 7 filler metal. 


Factors Affecting Bond Strength 


The strength of the film is deter- 
mined by the cohesive forces of the 
components of the film. These are 
chemical and molecular in nature, and 
are properties of the material compos- 
ing the film. The maximum cohesive 
strength may be obtained with any 
given material when the molecular size, 
shape, orientation and distribution is 
properly controlled. 

The adhesive, as received from the 
manufacture, is compounded for maxi- 
mum strength and any changes made 
or any deviation from recommended 
procedure may result in decreased 
strength. The strength of the film for 


Table III—Comparison of Adhesive Bonding, Soldering and Brazing 


Property bonding 


Bonding temperature, F 0—400 


Shear strength, psi 


Adhesive 


1,000-3,000 | 3,000-8,000 | 


Excellent 


Soldering Brazing 


| 


From 800 to melting 
point of base metal 


| 200—730 


From approximately 
20,000 and up 


I 
Ш 
| Еаїг 





Corrosion resistance | 


Bondability: 
Metal to nonmetal 
Light metals 
Copper and Alloys 
Ferrous metals 
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the adherent surface is related to the 


specific cohesion of the film material 
for the surface material. The domi- 
nant influence seems to be the chem- 
ical similarity of the two materials 


with respect to polarity. Unless both 


are the same in polarity, a strong bond 
cannot be made. 

Metals, although not polar, are easily 
polarizable. Hence, the adhesive mate- 


rials containing the polar hydroxyl, 
carbonyl, amino and chloro group make 
the best bonds with metals. 

The strongest bond will be ob- 
tained when the film itself and the film 


to adherent surface form a continu- 
ous, unbroken system. Any entrapment 
will tend to lower the cohesive strength 
of the film, decrease the effective sur- 
face area of the adherent, and will 


result in a lower bond of strength. 

For the adherent surface cleanliness 
is the primary requisite. The surface 
must be free of grease and dirt. Oxide 


films on metals, if the oxide is not 


strongly adherent, should be removed. 
When porous surfaces are bonded, it 
is usually best to fill the pores, pre- 
ferably with a material similar to the 
adhesive. 


For the adhesive the bonding tech- 
nique and joint design are the influenc- 
ing factors. In the solvent release class 
of material the solvent can be a cause 


for discontinuous films. Thin films and 
small gap clearance minimize the dan- 
ger of solvent entrapment and result in 
stronger bonds. Pressure will attain 
similar results. 

In the fusion and cured classes the 


bond strength is almost independent of 
the film and gap clearance. The rate 
and manner of cure, and the complete- 
ness of surface wetness are the con- 


trolling factors. 
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THE ADOPTION of the Unified Screw 
Thread Standards and their increased 
use in industry has again raised the 
question of the influence of tap drill 
size upon the strength of tapped holes. 
For maximum strength, high percent- 
ages of thread height are specified in 
tapped holes. These high percentages 
cause higher tap torques and more tap 
breakage. Hence, for production the 
minimum percentage of thread height, 
especially in high strength or hard 
materials, is desired. To arrive at safe 
intermediate values between these ex- 
tremes, test data are here reported that 
were obtained in a study of the effect 
of thread height, material type, and 
length of thread engagement on fasten- 
ing strength. 

Indications are that for threaded as- 
semblies of the usual proportions, max- 
imum strength is developed with 50 
per cent of thread height and that 
exact tap-drill size is relatively unim- 
portant so long as the percentage of 
thread height is greater than 60 per 
cent. Tapping costs are likely to be 
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lower if the lowest possible percentage 
of thread height is used. 

For exceptionally short lengths of 
engagement, or when less than 50 per 
cent thread height is used, the minor 
diameter has a significant effect on as- 
sembly strength and precision hole- 
sizing should be used. 


Experimental Procedure 


combinations of internal 
and external thread material hardnesses 
were studied in the test program. Mate- 
rials for external thread members in- 
cluded hardened high-speed steel, hard- 
ened AISI-C1137 and -C1040 steel, 
and soft AISI-B1113 steel. Internal 
thread members were made of hard- 
ened AISI-C1137 steel, soft AISI- 
B1113 steel and gray cast iron. Two 
diameter sizes, with both fine and 
coarse threads on each, were tested— 
58-16 UNC, 34-24 UNF, 8-11 UNC, 
and ¥%-18 UNF. Length of engage- 
ment, in most instances, was equal to 
the height of a standard nut—slightly 
less than one major diameter. 

Blanks for the internal thread mem- 
bers were ground parallel, and holes 
were drilled and reamed to size. 
Threads were tapped on a lead-screw 
tapper. All tapped holes were gaged 
to class 3B limits. Blanks were a mini- 
mum of 1 in. dia for the ¥ taps and 
115 іп. dia for the ¥% holes to mini- 


Various 


From: ASME Paper 


Strength 


mize any distortion of the blank dur- 
ing the test. To eliminate another 
variable, the holes were not chamfered; 
the effective length of engagement was 
thus susbtantially blank 
thickness. 


equal to 


The external thread specimens were 
made with ground major diameters and 
ground threads. Minor diameters were 
held well within the allowable standard 
limits. Major diameters were held 
from basic size to 0.001 in. undersize 
and the pitch diameters to a class 3A 
limit. 

Except in the instance of the hard- 
ened high-speed steel external threads, 
all tests were conducted by pulling 
the external thread through the mating 
blank as shown in Fig. 1 (left). The 
hardened high-speed steel specimens 
were pushed through the mating blank, 
(right). The push test is easier to 
perform and comparisons indicate that 
the results are identical for either test 
type. On soft material, the push test is 
not feasible because of transverse ex- 
pansion of the external thread and 
because the strength of the external 
thread member is not readily indicated. 

In Fig. 2 (A through D) are plotted 
the test results obtained with soft ex- 
ternal and internal threads, as well as 
the hardened 
soft internal threads. 

With both thread elements of soft 


external threads with 
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Fig. 2 — Thread percentage vs failure loads for hard 
and soft external threads and ‘soft internal threads. 
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Fig. 3 — Thread percentage vs failure loads for mod- 
erately hard external and internal threads. + 
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material, failure is by stripping of the 
external thread up to 50 per cent of 
thread height; at greater thread heights, 
the external thread member broke. The 
fine pitch threads develop higher loads 
because of greater tensile-stress areas. 
To correct for differences in the length 
of engagement between the ¥-11 and 
56-18 thread tests, the values plotted 
in the region of thread stripping for 
the ¥g-11 should be increased by about 
10 per cent. The effect is to cause ex- 
ternal thread breakage at slightly lower 
percentages of thread height than 
plotted. 

Results obtained with hardened ex- 
ternal threads in combination with 
soft internal threads indicate that the 
soft thread will strip in all instances. 
Again, when comparing the data for 
the 5-11 threads with those for the 
58-18 threads, the effect of length of 
engagement must be considered be- 
cause the ?$-11 specimens were about 
10 per cent shorter than the %-18 
specimens which were of standard nut 
height. When the data for the 5$-11 
threads are multiplied by the correc- 
tion factor, 0.540/0.489 — 1.105, the 
comparative data are in close agree- 
ment as to failure load. The 5$-11 
thread fails at 40,800 Ib, and the 5$-18 
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at 40,000 Ib. This is expected because 
the major diameter shear areas of the 
internal threads are substantially iden- 
tical for a given diameter and length 
regardless of thread pitch. 

In Fig. 5 (A through D) are plotted 
the results of moderately hard external 
and internal threads as well as a hard- 
ened external with a moderately hard 
internal. The characteristics of failure 
are substantially the same as those 
shown in Fig. 2. Corrected failure 
values of internal thread stripping load 
for the short %-11 is 68,000 lb as 
against 70,000 Ib for the ?$-18, again 
substantially the same. 

In Fig. 4 (A through D) are plotted 
the results obtained with moderately 
hard external threads against soft and 
moderately hard internal threads. Note 
that in this series of tests the external 
thread specimens are of different mate- 
rials. 

These graphs indicate that the 
strength of the external member is the 
controlling factor in any ordinary com- 
bination of thread elements of these 
proportions. Again, the maximum 
strengths were developed at about 50 
per cent thread height. 

In Fig. 5 (A and B) are plotted the 
results obtained with soft external 


3/8 -24 UNF -3 thread fest 
Length of engagement! = O. 3/2 in. 


= vs 
+ 7 AISI-BII3 soft — (ӨНМ 179 - 183) 
2 A/SI-CI37. hardened external (Re 32-35) 


threads and gray cast iron internal 
threads as well as hardened external 
against gray cast iron internal threads. 
Failure loads are almost identical with 
Fig. 2 values. 

The results of Figs. 2 through 5 in- 
dicate that the maximum strengths of 
the combinations tested are developed 
at about 50 per cent of thread height. 
This is valid regardless of the relative 
strengths of the materials from which 
each element is fabricated. The type of 
failure, however, is dependent upon 
the relative strengths of the thread 
materials. Most often, the maximum 
strength failure is by breakage of the 
external member, but if the strength 
of the external thread material is very 
much greater, the failure may be by 
internal thread stripping. An example 
is a steel screw mated with a brass or 
aluminum nut or tapped hole. 

The curves and conclusions are valid 
only if the length of engagement is 
approximately 85 per cent of one 
major diameter. If the length of en- 
gagement is increased sufficiently all 
failures will be by breakage of the ex- 
ternal thread and maximum strengths 
will be developed at lower percentages 
of thread height. If length of engage- 
ment is reduced, the failure can in- 
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volve stripping of the external thread 
at all percentages of thread height. 


Effect of Length of Engagement 

To explore the possibility of exter- 
nal thread stripping at all percentages 
of thread height with reduced lengths 
of engagement, specimens were made 
with thicknesses of 100, 75, 50 and 25 
per cent of the 0.3125 in. thickness of 
a standard 2$-24 nut. The minor diam- 
eter was varied to give thread heights 
from 25 to 85 per cent in 10 per cent 
steps for each thickness. Internal and 
external thread specimens were of 
AISI-B1113 steel. Results are indicated 
in Fig. 6 for these tests. 

The failure with the full nut-height 
internal thread specimens (Le = 
0.3125 in.) is about the same as shown 
in Fig. 2 (B) as would be expected. 
External thread stripping occurs at 25 
and 35 per cent thread height with 
external thread breakage occurring at 
45 per cent thread height. With the 75 
per cent nut height internal thread 
(Le = 0.2344 in.), stripping of the 
external thread is encountered up to 
65 per cent thread height. The 50 and 
25 per cent nut height specimens (Le 

- 0.1562 and 0.0781 in.) had exter- 
nal thread stripping at all percentages 
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Thread percentage 


of thread height. The assumption of 
shear failure in line with the internal- 
thread minor diameter is good; meas- 
urement of the diameter of the stripped 
external threads are within 0.001 in. of 
the reamed-hole size in the internal 
thread specimens. 

Lack of agreement in the instance of 
the 25 per cent height specimens be- 
tween analytical and experimental 
value is probably caused by deforma- 
tion of the thread into the clearance 
hole around the external thread mem- 
ber. This apparently relieved slightly 
the contact between the internal and 
external threads at one end of the 
engagement, giving the lower loads 
found in the test. 

It appears that the simple shear 
analysis is adequate for any regularly 
used lengths of engagement if ordi- 
nary engineering failure stress values 
are used. 

When failure by stripping of the 
external thread is encountered, the 
exact size of the minor diameter can 
be of some importance. Where ex- 
treme loading of short lengths of en- 
gagemen tis necessary, higher percent- 
ages of thread height should be used. 
For example, in Fig. 6 for the 0.1562 
in. length of engagement, the failure 
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load for 85 per cent of thread height 
is about 6,800 lb, while the failure 
load for 65 per cent thread height is 
5,550 Ib—18.5 per cent less. How- 
ever, when it is considered that the 
failure load can be increased to about 
8,500 lb for 65 per cent or greater 
thread height by increasing the length 
of engagement only 0.0781 to 0.2344 
in. the short length of engagement de- 
sign is questionable. The 0.2344 in 
length of engagement would increase 
the strength of assembly 53 per cent 
for 65 per cent thread height and 25 
per cent for 85 per cent thread height, 
and the necessity for precision hole 
sizing is eliminated. If, for some rea- 
son, short lengths of engagement are 
necessary, reaming or other precision 
sizing of holes before tapping be- 
comes mandatory for the attainment 
of maximum strength values for the 
threaded assembly. 


REFERENCE: 


The Influence of Tap-Drill Size and 
Length of Engagement Upon the Strength 
of Tapped Holes, by C. J. Oxford, Jr., and 
J. A. Cook. Presented at the Annual Meet- 
ing of the ASME, December, 1954. Paper 
No. 54-A-85. 
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From: Die Headlines, Eastern Machine Screw Corporation 


Design 


of Parts 


With Chased Threads 


Design considerations for economic production of quality parts that are threaded 


close to a shoulder. Data that helps product designers to establish widths of 


neck between thread and shoulder and tool engineers to determine chamfer angles. 


IN THE INTEREST of reducing the cost 
of threaded parts, the manufacturers 
of die heads report that: 

l. Many drawings or specifications 
for screws and threaded parts specify 
a full thread so close to a shoulder that 
it is difficult to manufacture. 

2. Designers are specifying many 
special threads that are more costly to 
produce than the standard threads. 

3. Cost of many threaded parts is 
high because specified thread toler- 
ances are closer than needed. Class 2 
tolerances are considered satisfactory 
for all but the most exacting work. 

4. Materials are often specified that 
have poor machining properties. 


The difference between a competitive 


price and a prohibitive price of many 
threaded parts from how 


well the designer understands the dif- 


may result 
ficulty in threading a part close to a 
shoulder 

Threading close to a shoulder re- 
quires die head with short 
chamfers or throats. Such chasers are 
usually special 


chasers 


When trying to cut 
close to a shoulder, it is not uncommon 
to break the chaser by accidentally run- 


Table I—Chip Thickness for 
Different Chamfers or Throats 
Based On 10 Pitch A.N. Form 


Chamfer or Throat Chip Thickness, 
Angle, deg in 


45 0177 
30 0125 
20 0086 
15 0065 
12 0.0052 
10 0043 


ning it against the shoulder. Replacing 
the broken 
cost and a slowdown in production. 


chaser means added tool 

Short chamfer chasers increase the 
difficulty of producing accurate threads 
of quality finish, especially on stainless 
steels and chrome nickel alloys. It is 
often necessary to rethread when full 
threads are required very close to the 
shoulder of a part. 


Thread Design 


To minimize tool breakage by per- 
mitting the use of standard chasers, 
the design of a threaded part should 


not, wherever possible, require a full 
thread closer to the shoulder than 2^ 
or preferably 3 threads. Further, for 
efficient cutting the chamfer should be, 
wherever possible, at least 2!5 threads 
long. 

Also, the more threads intercepted 
by the chamfer the better the distribu- 
tion of chips. This means better finish 
on the work and longer chaser life. 
Table I shows how the chip thickness 
increases with chamfer angle. 

Chamfers on chasers are usually 
ground below the root of the chaser. 


A value of at 0.005 in. below 


least 


Table Il—Length of Chamfered Threads on Chaser When Chamfer 
Starts at Root Line of Thread on Chaser 


Threads 
per 
inch 5 20 


Length, in., for Chamfer Angle, A, deg 


30 
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Choser 


Bevel this side of neck 
to blend with thread This 
beve! also widens 
effective width of neck 


Neck over 2 ; n 
threads wide 


Fig. 1—Necked threaded product. Bevel on the thread side of the neck is recom- 
mended for blending and permitting longer chamfers on the threading tools. 


“chaser 


—L ——————À 


> — — — — 25 thd——-—— —----> 
р [MMMM 


Fig. 2—Number of chaser threads intercepted by chamfers of different chamfer 
angles when the chaser is not ground below its root. 


Minimum Choser 


allowance O O!5 


Shoulder Ground below root 


Fig. 3—Width of neck of threaded part should not be less than the sum of the 
length of chamfered threads on chaser, the length of underground portion of 
chaser, and the minimum allowance for shoulder clearance. 


Table IlI—Length of Underground Portion of Chaser 
for Various Chamfer Angles 


Distance Ground Below Root of Thread on Chaser, in. 
Chamfer Angle, A, deg 0 0.005 010 0.015 
WC YA 45 | 052 0 
20 - 029 043 0.056 
25 ч 026 037 0.047 
30 1 024 032 0.041 
35 015 029 0.036 
40 015 027 0 
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the root of the chaser is recommended 
even on true running stock of exact 
size with the die head and work in 
perfect alignment. If the stock is over- 
size, out of round, or the alignment is 
not perfect, the value is increased to 
at least 0.010 inch. 

Where the threaded part is to be 
screwed, close to the head, into a 
tapped hole, the screw should be 
necked or recessed as shown in Fig. | 
Necking does not materially weaken 
the screw, because the bottom is only 
slightly below the root diameter of 
the thread. 

The neck width, or the distance be- 
tween the last full thread and the 
shoulder, can be determined with the 
help of Tables II and III. The method 
that can be used by product designers 
to establish neck widths and by tool 
engineers to determine the longest safe 
chaser chamfer is indicated by the 
following examples. 

Example: It is desired to cut a 10 
pitch thread, holding the neck width 
to approximately 215 threads. Fig. 2 
indicates that a chamfer angle of 20 
deg might be satisfactory. Reference 
to Table II and Fig. 3 shows that the 
L value is 0.179 in. And from Table 
III and Fig. 3 it is found that, if the 
chamfer is started 0.010 below the root 
of the chaser thread, the value of M is 
0.043 in. Therefore, the minimum 
width of neck is 0.179 plus 0.043 in., 
which equals 0.222 in. or about 214 
threads. 

Another way to avoid threading 
close to a shoulder is to counterbore 
or at least countersink the tapped hole 
or use washers. 


Standard Thread Sizes 


The ultimate consumer wants 
threaded parts with standard thread 
sizes, tolerances and series. In design- 
ing new products, therefore, thread 
sizes should be selected on the basis 
of standard tables. Fine pitch series is 
usually preferred to the coarse series. 
If possible, do not specify actual toler- 
ances on the part drawing; instead, 
specify the class of tolerance given in 
approved standards. 

For example, the designation 14-20 
NF2 gives a complete explanation of 
the part for manufacture. This would 
be a 1⁄ in. dia, 20 threads to the inch, 
National Fine, Class 2 limits. Similarly, 
in the Unified Thread Series, a 14-20 
UNF2A would specify a V5 in. dia, 
20 threads to the inch, Fine Pitch 
Series with Class 2 screw limits. 
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Cycles to foilure 


Fig. 


From: Literature Survey 


1Fatigue strength of 56 in. bolts. 
tanium alloys used for bolt materials, alloy Y showed the 
greatest and the alloy X the least fatigue strength. 


L ood - pounds 


^ 0004 0008 002 006 0020 0024 0028 0032 0036 


Of the four ti- Fig. 


2—Elongation of ^e in. 
is measured over total bolt length between head 
of bolt and nut, all specimens were same length. 


Elongotion in inches 


bolts. 


Elongation 


Titanium Bolts and Fasteners 


TESTS ON VARIOUS TYPES of bolts 
fabricated from RC-130B, Ti-150A, 
RS-120, and RC-70 titanium alloys 
indicate that the mechanical properties 
of each are practically equal except for 


their fatigue strengths. These tests 


were part of a program of the Naval 
Air Experimental Station to evaluate 
the strength characteristics of titanium 


alloy bolts. 


To obtain a comparison of the prop- 
erties of bolts made from titanium, 
stainless steel, and aluminum, 
tests were conducted using 94 & in. bolts 
made from these materials. For this 
comparison, bolts made from only two 


of the titanium alloys were used; these 
were those which in earlier tests ex- 


hibited the greatest and the least fa- 


tigue strengths, here designated as X 


titanium alloy and Y titanium alloy 
respectively. 

A summary and analysis of the test 
data indicate that: 

1. The ultimate tensile strength and 
the double shear strength of titanium 


bolts compare favorably with those of 
steel bolts on the basis of equal size 


and are superior on a strength-weight 


basis. 
2. The fatigue strength of titanium 
bolts is greater than that of standard 


low strength steel aircraft bolts, but is 


inferior to that of close tolerance high 


strength steel internal wrenching bolts, 
on the basis of equal size. Judged ona 


Gu 


steel, 


weight basis, the titanium bolt is about 


equal to the steel internal wrenching 
bolt in fatigue strength and has twice 
the fatigue strength of the steel air- 


craft bolt. 


3. The ductility of the titanium 
bolts, as measured by elongation over 
the grip lengths at about 60 per cent 
of the ultimate tensile strength, is 
greater than that of the steel bolts. 


4. The mechanical properties of the 
aluminum bolts were inferior to those 
of titanium bolts, whether compared 


in terms of equal size or on a strength- 
weight basis. 


Results of Bolt Tests 


The results of the evaluation tests 
on 94« in. bolts are summarized in 


Table I; also, the fatigue strengths are 


shown in Fig. 1 as S-N curves. Load- 
elongation data are shown in Fig. 2. 
Comparative values of tensile, fatigue, 


and double shear strengths on the 


basis of strength-weight ratios are 
given in Table II; these are calculated 
quantities and theoretical values, they 
are not intended to be design criteria. 


The ultimate tensile strength of the 


titanium bolt, as tested is 85 per cent of 
that of the high strength steel internal 
wrenching bolt, which is the strongest 


of all bolts tested. The strength of the 
titanium bolt is about equal to that of 


the stainless steel bolt, is better than 
that of the low strength steel aircraft 


bolt, and is superior to that of the 
aluminum aircraft bolt. 

Evaluated on a  strength-weight 
basis, the static tensile strength of the 


titanium bolt surpasses that of any 


other type tested. 
The double shear strength of the 
titanium bolt is better than that of the 


steel internal wrenching bolt; and on 
a strength-weight basis is about double. 


On the basis of equal size, the 
fatigue strength of the titanium bolt 
is 13 per cent better than that of the 


low strength steel aircraft bolt, but 


only 58 per cent of that of the superior 


grade high strength steel internal 
wrenching bolt. When compared on 
the basis of equal weight, the fatigue 


strength of the titanium bolt is about 
that of the wrenching bolt and twice 
that of the steel aircraft bolt. 


Problem of Galling 


Foremost among the current prob- 


lems associated with the manufacture 
and application of threaded parts made 
of titanium is the alleviation of galling 


and seizing. These tendencies are noted 
during heading operations, drilling 
operations, and in nut removal and 
replacement. It is evident that some 
lubrication is required to prevent 
titanium surfaces from seizing when 
sliding under high loads. 

Teflon coatings appear to have 
lubricating qualities of some merit. 
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Table I—Test Results of 5/16 in. Titanium, Steel, Stainless and Aluminum Bolts 


Material 


X Titanium Alloy... . 
Y Titanium Alloy 


Aircraft 
Steel (High Strength) . 
Stainless Steel 


Aluminum Aircraft 


Type of Bolt 


Internal Wrenching 
Machine, 1,200 F 


Ult. 
Government Strength,* 
Specification Ib 


External Wrenching 2% 
Internal Wrenching : 


9,524 
8,475 
11,200 
9,070 
4,160 


MIL-B-6812 
MIL-B-7838A 
MIL-B-7874 
MIL-B-6812 


Strength,* Ib 


Double 
Shear 


Fatigue 


Strength,* Fatigue Elongation 


Ratio in. 


Ib (Note 1) | (Note 2) (Note 3) 


16,525 0 
16,950 0 
13,375 0 
15,565 0 
15,150 0 
6,700 0 


Note (1) Based on 8 million cycles of stress applications. (2) Ratio of fatigue strength to static strength. (3) Elongation at 60 per 


cent of tensile strength. 
*Units are in Ib, not psi. 


Two identical titanium alloy bolts, one 
plain and one coated with Teflon, 
were tested by the Naval Research 


Laboratory. After a few applications 


of a nut, galling of the uncoated 


threads was noticeable. The threads 
of the Teflon coated bolt, however, re- 
mained in good condition. In another 
test, two 44-20 titanium bolts were 


torqued to 200 in. lb. The uncoated 


bolt developed a stress of 43,000 psi, 
while the coated bolt developed a 
stress of 60,000 psi. 


Another coating, which is similar 


to a phosphate stearate lubricant, has 


been developed that is permanent even 
when exposed to elevated tempera- 
tures. Use of this lubricant permits 


re-use of titanium alloy locknuts in 
accordance with AN specifications. 


Effects of Cold Working 
Commercially pure and alloy tita- 
niums show marked increase in tensile 
values when cold worked. Cold work- 


ing, however, can cause embrittlement 
of bolt heads. For example, a RC-70 


round head machine screw was made 


Table II—Strength-W'eight Ratios 
for 5/16 in. Bolts 


Made from Same Materials Shown in Table I 


Material Double 


Shear 


Tensile Fatigue 





X Titanium 


Steel (High 
Strength). . 


Stainless Steel 
Aluminum... 


23.3 


18.0 
24.2 


Product Engineering — Mid-October, 


from material having a tensile 
strength of approximately 90,000 psi. 
After rolling, the threads of this screw 


had a tensile strength of about 134,000 


psi. The heads of these screws, how- 
ever, were so embrittled by the cold 


working that they snapped before the 
thread broke. 


Recent investigations indicate that 


for optimum performance, bolts 
should be stress relieved after heading 
and before roll threading. Stress relief 
temperatures between 700 and 1,000 


F are being evaluated. 

For applications not subject to ten- 
sion fatigue, titanium shear type fas- 
teners have static strength characteris- 
tics that are advantageous for design 


use. Round head !4 in. rivets fabrica- 
ted from RC-70, when tested un- 


driven, in double shear, developed an 
average shear strength of 75,000 psi. 
Sample rivets driven and tested in a 
single rivet lap-joint specimen con- 
sisting of two 0.064 in. RC-130A 


titanium sheets, showed shear values 


of 86,000 psi. The rivets presented no 
problem during driving, and elimi- 
nated the lubrication needed with 
threaded members. Cold work effect, 


which may be of concern in fatigue 
testing of tension threaded fasteners, 


seems to be of benefit when working 
with shear fasteners. 


Design Recommendations 
Titanium bolts in their present 


limited stage of development, can be 


used advantageously instead of the 
low strength steel aircraft bolts, since 
the titanium bolt is stronger and is 


about 43 per cent lighter in weight. 
The titanium bolt may be used in 


place of the close tolerance high 
strength steel internal wrenching bolt 


1955 


where high shear strength is a primary 
design criterion, with high static 
strength and moderate fatigue strength 
a secondary requisite. 


The selection of titanium alloy as 
a bolt material to be used in any one 
specific application should be deter- 
mined by consideration of the need to 
keep weight down to a minimum, the 


ability to withstand corrosive and tem- 
perature environment, the strength re- 
quirements and the economic factors. 
It is obvious that the weight saving 
advantages of titanium bolts, or other 


component parts made of titanium 
alloy, must over-balance the increased 
cost wherever substitution is made. 
This is the basic reason for the use of 
titanium in aircraft. 

In tension bolts, fatigue in many de- 
signs is a critical factor since modern 
aircraft are being designed more in 
terms of service life and loading. Also, 


there has been a steady reduction in 


design safety margins with more parts 
and components loaded closer to the 
minimum strength of the material. 


It appears that when homogeneous 


material is properly fabricated into a 
well designed fastener, the fatigue 
properties will be consistent and equal 
or better than those of present conven- 


tional alloy steels. 


REFERENCES: 
1. “Strength of Titanium Bolts” by Joseph 
Viglione. Product Engineering, April, 1955. 


2. “What's Delaying Titanium Fastener 
Use?” by James B. Duke. Aviation Week, 
January 10, 1955. 

3. “Titanium Fastener Development Re- 


port” by Harry S. Brenner. Fasteners, Vol. 
9, No. 2, 1953. 


4. “Titanium Fastener Progress” by Andrew 
N. Eshman. Aeronautical Engineering Re- 
view, April, 1955. 





From: Crane Company's Valve World 


Assembly and Maintenance 
of Bolted Flanged Joints 


WHEN A FLANGED JOINT is assem- 
bled, each of the component parts is 
subjected to tensile or compressive 
stresses of varying magnitude. Under 
service conditions, especially where 
high temperatures are involved, the 
gasket stress and other points of high 
stress concentration are partially re- 
lieved by slight plastic strain, which 
permits a change in the magnitude of 
the stresses, and a lowering of the 
bolt stress results. It is essential to ap- 
ply a bolt stress higher than the design 
stress when assembling the joint so 
that the resultant bolt stress after this 
initial period of relaxation will not be 
excessively low 

To compensate for this reduction in 
bolt stress, the following recommenda- 
tions are made with regard to the 
assembly and maintenance of flanged 
joints. 


Assembly of Joint 


Initial bolt stresses to be applied in 
the assembly should afford a reasonable 
factor of safety with reference to the 
yield point of the bolting material. 
And yet the initial bolt stress must be 
high enough to insure a tight joint. 

An extensive survey of flanged joints 
has indicated that initial stresses as 
given in Table I are usually applied 
when alloy steel bolt studs are pulled 
up manually. Experience has shown 
that these stresses are satisfactory for 
American Standard Steel Flanges with 
asbestos-rubber, solid flat metal, cor- 
rugated metal, Ring Type Joint, or 
similar gaskets. Spiral-wound metal, 
asbestos-filled gaskets and other spe- 
cial type gaskets should be assembled 
with the bolt stress recommended by 
the gasket manufacturer. 

The values given in Table I have 
been graduated according to size— 
however, if it is possible to apply 
higher torques, it is recommended that 
the initial bolt stress be approximately 
45,000 Ib per sq in. The recommenda- 
tion applies to alloy steel bolts which 


С̧и 


normally are used for elevated tem- 
perature service. The stress is higher 
than ASME Code allowable stresses; 
however, the Code allowable stresses 
reflect capacity to sustain stress after 
relaxation rather than initial stress. 
Code allowable stresses are those which 
will exist after the flanged joint has 
been in service long enough to permit 
the bolt stresses to relax from their 
initial or assembly value to an approxi- 
mate state of stability that may be as- 
sumed to be equal to the allowable bolt 
stress for which the joint was designed. 
It is, therefore, evident that the flanges 
as well as the bolts are expected to 
work at stresses above their design 
value until this state of near equilib- 
rium is attained. 

The initial bolt stress can be ap- 
plied by either of two methods: (1) 
by pulling up the well-lubricated bolt- 
studs with the proper torque, or (2) 
by pulling up the bolt-studs to produce 
the elongation necesssary for the de- 
sired bolt stress. When the second 
method is used the total desired elon- 
gation of the bolt-stud should be as- 
certained by multiplying the value 
given in the table for elongation in in. 
per in. by the effective length (center 
to center nut distance). 


Maintenance ef Joint 


It is recommended that the bolting 
of all flanged joints installed for tem- 
peratures above 500 F be pulled up 
after the first shutdown. On high tem- 
perature service where creep may be 
expected to occur, it is recommended 
that the bolting be pulled up at least 
once during the first 200 hr of service, 
regardless of whether the line has been 
shut down or not. Bolt stress should 
be checked periodically during the life 
of the installation. 

As a general rule, it is only neces- 
sary to check the elongation in two 
or three diametrically opposite bolt- 
studs, using the average of the values 
obtained as the elongation for the 
remainder. If the bolt elongation is 
to be determined while the joint is in 
service, one bolt should be checked 
and pulled up before another is loos- 
ened. Measurements should be taken 
immediately after releasing the load 
before the bolt temperature decreases. 
The following procedure should be 
used in checking bolt elongation: 

(a) Determine the length of the 
bolt in the assembled joint. 


(b) Release the load on the bolt 
and remeasure the length. 


Table I—Elongation of Alloy Steel Bolts 


Size of alloy steel | 


bolt-stud (Note 1) | 


Average stress applied 
manually, psi. (Note 2) | 


‚000 | 
‚000 | 
‚000 | 
‚500 | 


‚000 
‚000 


Notes: (1) Coarse thread series, 1 in. and smaller; 8 pitch thread series, 1 !4 in. and larger. 
Average stress applied, using a lever and wrench or by sledging. 


Approximate torque to 


obtain stress, ft.-Ibs. 
(Note 3) 


Elongation in in., per in 
| of effective length (Note 4) 


00173 
00160 
00150 
00142 


175 | 
255 | 
370 
500 


оосо 


665 
860 
975 
1285 


00133 
00127 
00122 
.00117 


coco 


1700 
2200 
2350 


00113 
00110 
00107 


ooo! 


(2) 
(3) Based upon well-lubricated 


threads. (4) Based on a modulus of elasticity of 30,000,000. The effective length of bolt-stud equals 
the distance from center of one nut to center of the other. 
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‘Table 1l—Data for Use with Machine Bolts and Cold Rolled Steel Bolt-Studs 


Load in pounds on bolts and bolt-studs when torque loads are applied 


Stress 


Diameter 
at root of 
thread 
in. 


Nominal 
diameter 
of bolt 
in. 


7,500 psi 


Rey 


15,000 psi 30,000 psi 
No. of 4 
threads 


per in. 


Tension, 


Lb 


Tension, 
Lb 


Tension 
Lb 


Torque 
Ft-Lb 


Torque 
Ft-Lb 
20 
18 
16 
14 
13 


810 
1350 
2040 
2790 
3780 


405 4 
675 8 
1020 12 
1395 20 
1890 30 


203 
388 
510 
698 


185 
240 
294 
345 
400 


ocooooo 


12 
11 
10 


454 
507 
620 
731 


2430 
3030 
4530 
6285 
8265 


4360 
6060 
9060 
12570 
16530 


ب ي ي ب © 


10380 
13350 
15810 
19410 


20760 
26700 
3160 
3880 


“к © 


22725 
26160 
30735 
34500 


45450 
52320 
61470 
69000 


ма „а на а 


Table III—Data for Use with Alloy Steel Bolt-Studs 


Load in pounds on bolt-studs when torque loads are applied 


Stress 


Area 
at root of 

thread Torque 

sq. in. Ft-Lb 


Diameter 
at root of 
thread 
in. 


Nominal 
diameter 
of stud 
in. 


30,000 psi 45,000 psi 60,000 psi 
No. of 
threads 


per in. 


Tension 
Lb 


Torque Tension, 
Ft-Lb Lb 


Torque 


Tension, 
Ft-Lb b 


1 185 
5 16 240 
3 294 
345 
.400 


454 

507 
‚620 
‚731 


оо оо оо оо 00 00 00 оо 


оо оо оо 20 


(c) Subtract second reading from 
first. 

(d) Divide this value by the effec- 
tive length of the bolt. (Effective 
length equals distance from center of 
one nut to center of the other. ) 

If the residual bolt stress is less than 
the Code allowable stress, the bolts 
should be pulled up so that the final 
stress is at least equal to the allowable 
stress of the ASME Code. 


.068 


.126 


.202 


.419 
.551 


.155 


.680 
.980 
.304 


.259 


810 
1350 
2040 
2790 
3780 


027 4 
045 8 
12 
20 
30 


093 


162 45 
60 
100 


160 


4860 
6060 
9060 
12570 
16530 


302 


728 
929 


21840 
27870 
34650 
405 42150 
50400 
59400 
69120 
652 79560 
423 
292 


102690 
128760 
157770 


324 189720 


Torque of Bolts 


The torque or turning effort re- 
quired to produce a certain stress in 
bolting is dependent upon a number 
of conditions, some of which are: 1. 
Diameter of bolt. 2. Type and number 
of threads. 3. Material of bolt. 4. Con- 
dition of nut bearing surfaces. 5. Lubri- 
cation of bolt threads and nut bearing 
surfaces. 

The Crane Company has conducted 
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1620 
2700 
4080 
5580 
7560 


1215 8 
2025 16 
3060 24 
4185 40 
5670 60 


7290 
9090 
13590 
18855 
24795 


90 
120 
200 
320 
490 


9720 
12120 
18120 
25140 
33060 


32760 
41805 
51975 
63225 


710 
1000 
1360 
1600 


43680 
55740 
69300 
84300 


75600 
89100 
103680 
119340 


2200 
3000 
4000 
4400 


100800 
118800 
138240 
159120 


154035 
193140 
236655 
284580 | 


6360 
8800 
11840 
15440 


205380 
257520 
315540 
379440 


many tests to determine the relation 
between torque and bolt stress. Tables 
II and III are based upon steel bolt- 
ing well lubricated with a heavy 
graphite and oil mixture. It was found 
that a nonlubricated bolt has an efh- 
ciency of about 50 per cent of a well- 
lubricated bolt and also that different 
lubricants produce results varying be- 
tween the limits of 50 and 100 per 
cent of the tabulated stress figures. 





Applications of Helical | 


Originally devised to reduce thread wear and stripping between steel fasteners and soft 
materials, helical wire inserts are now being used in plastic and wood for similar pur- 


Fig.! ас 


Fig. 1—Galvanic action between steel bolt and mag- 
nesium part, (Left), attacks thread causing part failure. 
Stainless steel insert, (Right), reduces galvanic action 
to a negligible amount while strengthening threads. 


Fig. 2—Insert used as an electrical connection as well 


Nut ond boli 
ossembly 


socket 


joint 


Fig. 8—Wear and backlash can be reduced on adjust- 
ing threads. Clamping strength is not needed but inter- 
mittent thread travel makes reinforcement desirable. 


Fig. 9—Combination of inserts and capscrews permits 
installation of machinery and other equipment on wood 


a- insert assembly N Я v NN 
<- Pipe pih М D 

Fig.14 R pe plug NNR 

Fig. 14—Seizure and corrosion of pipe threads on com- 

pression, fuel and lubricant tanks, pipe lines, fittings, 

pumps and boilers are prevented by using an insert. 


Fig. 15—Stud (Left) transfers thread wear from the 
tapped hele and into the expendable threads on the 
stud and nut. Interference fit in the tapped hole is 


_ Grinding 
whee/ 


Lead core 


"Insert 


block 


Fig.2 


as a thread reinforcement. Unit is threaded into plastic 
and tang is bent to form soldering lug. 


Fig. 3—Direct connection of grinding wheel onto a 
threaded shaft by using a wire insert. Washers and nut 
are not required thus simplifying assembly. 


inser! and cap screw 


ossemb/ 
⸗ -- Plastic sheet 


Plywood 


ТШДШ 


floors and walls. Access to opposite face of the wood is 
not a factor nor are joists and other obstructions. 


Fig. 10—Plastic-to-wood connector. Repeated assembly 
and disassembly does not affect protected threads in 
wood or plastic parts. 


Cop screw External Internal 
and 
nsert Fig.16 


mandatory. Insert (Right) prevents wear and makes 
stud unnecessary. Lower cost cap screw can be used. 


Fig. 16—Thread series can be changed from special to 
standard, from fine to coarse or vice versa, or corrected 
in case of a production error by redrilling and retap- 
ping. Inserts giving desired thread are then used. 
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Director of Project Engineering, 
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Wire Inserts 


poses. Other applications are to prevent galvanic action, act as electrical connectors, and to 
reduce weight, cost and number of parts needed in an assembly. 


Open-ended 
retaining plug 


Insert [ — 


Aluminum Pressure 
block cylinder 


Preassembled 
cylinder head 
опа /iner 


Fig.5 


Fig. 4—Loosening of the set screw by vibration is re- 
duced by using an insert. As pulley is a soft metal die 
casting set serew tightening often stripped threads. 


Fig. 5—Insert withstands combustion thrust of diesel 
cylinder. It prevents heat seizure and scale on threaded 
plug making cylinder replacement and servicing easy. 


S 
d A ^ | 


"(Qv — 


VN NM 
DDD vi 


Fig 11 


Fig. 11—Threads are protected from stripping in new 
aluminum engine heads by inserts. Also can be used 
to repair stripped spark plug holes in engine heads. 


Fig. 12—Insert prevents pipe fittings from peeling 
chips out of tapped aluminum threads. Introduction of 


nut bolt ond 
washer assembly 


Fig. 17—Assembly weight may be reduced. Left view 
shows the standard method of attaching front and mid 
frame of a compressor. Lockwire is used after assembly 
is completed. Right view is new method resulting in 
weight and space economies. 


Fig. 18—Assembly of a shaft through a bearing is sim- 
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— 6 


Fig. 6—Phenolic part insert forms strong thread with- 
out tapping and drilling. Insert is resilient, does not 
crack phenolic or set up local stress concentrations. 


Fig. 7—Enlargement of taper pipe threads in necks of 
P 

pressure vessels, caused by frequent inspection and 

interchange of fittings, can be minimized. 


Large insert 


«шш Adjustment 
threads 


nsuloting 
Fig 13 block 


sefscrews 


chips into the lines could cause a malfunction. 


Fig. 13— Center insert serves as brakeband to lock 
adjustable bushing. Small inserts keep set screws from 
stripping plastic when tightened. Also, adjustment 
threads can not be marred by end of set screw. 


insert over 
sħoft cut 
threods 


plified by adding external insert over cut shaft threads. 
Machining the full shaft length is also unnecessary. 


Fig. 19—Square tang insert—called screw lock—auto- 
matically locks the screw so that lock washers, nuts or 
wires are unnecessary. Insert locks itself into parent 
material without need for pins, rings, or staking. 
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Fig. 1—Relationship of tensile strength to Fig. 2—Test setup for brazing of specimens. Method minimizes the 
joint clearance of a silver-copper-cadmium- effect of the variables upon the joint. Alignment, temperature, filler 
zine (Easy Flo) joint in stainless steel. Max- metal flow, time, may all be carefully controlled so the tensile strength 
imum strength is at about 0.002 in. of the joint may be directly related to joint thickness. 


Tensile strength of a properly 
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dependent on the base material 
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f B strength and the plastic 
O r azed Joints constraint of the filler 
and base metal. 


UTS 1020 steel 
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THE TENSILE STRENGTH of a brazed 
joint is a function of the brazing tem- 
perature, time, joint thickness, surface 
roughness of the base metal and other 
factors. Most of these factors can be 
controlled; for instance, brazing tem- 
perature and time by control instru- 
ments; surface roughness by accurate 
grinding; differences in thermal expan- 
sion coefficients by correct use of base 


| | | metal and filler. Hence, tensile strength 


Tensile strength, psi 


of a brazed joint can be tied to the 
joint thickness and the yield strength 
of the base metal. 

Past studies have indicated that the 
tensile strength of a brazed joint in- 
creases with a decrease of joint thick- 
ness. There is, however, considerable 
disagreement among the studies as to 
a Sa a Е , the cause of this. In fact, in some in- 
== is stronger don tie Es in - ГЕРА оте stances, a decrease in tensile strength 
decreases with metal filler thickness. Curves have been extrapolated at the thicker has been noted. It would appear that 
joint values because of imperfect specimens through gas inclusion., 
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UTS BAg Mn | UTS Ag 
۱ | 


0.0100 0.0150 
Joint thickness, in. 


this disagreement may be caused be- 





cause the brazing alloys investigated 
are composed of at least four different 
metals such as Ag-Cu-Zn-Cd, and in 
some instances as many as seven, Ag- 
Cu-Zn-Cd-Hg-Ni-Au. Fig. 1 indicates 
a quaternary silver alloy that attains 
maximum strength of the braze at 
about 0.002 in. film thickness. An in- 
crease or decrease in thickness mate- 
rially lowers the joint strength. Also, 
certain of these metals may form solid 
solutions or even intermetallic com- 
pounds with the base metal, thus in- 
creasing the number of factors that in- 
fluence brazed joint strength. 

To avoid these complicating influ- 
ences, the base and filler metals selected 
for these investigations are mutually in- 
soluble, have a large difference in melt- 
ing points, and are not able to form an 
intermetallic compound. Combinations 
that are used include: SAE 1020 steel 
for the base metal and pure silver, pure 
copper, eutectic silver-copper, and 
silver-manganese brazing alloys. 

The test setup for the brazing of the 
bars is shown in Fig. 2. The method 
permits control of the variables of braz- 
ing temperature, time, bar alignment, 
filler metal flow and others to give re- 
sults that directly relate tensile strength 
to joint thickness. 

The test core temperature is main- 
tained slightly above the surface tem- 
perature and by proper arrangement 
and feeding of the brazing alloy into 
joint, sound and voidless joints, in most 
instances, are made. Filler metal thick- 
ness from 0.0003 to 0.0150 in. were 
achieved for silver brazed joint; from 
0.0025 to 0.0130 in. for copper brazed 
joints; from 0.0035 to 0.0210 in. for 
BAg® filler metal; and from 0.0030 to 
0.0130 in. for BAgMn joints. 


Experimental Results 


The results of the tensile tests and 
joint thickness measurements are sum- 
marized in Tables I through IV. Table 
V indicates the tensile strength of the 
low carbon steel bars, heated and cooled 
in the induction coil test setup, under 
the same conditions as in the standard 
brazing cycle. 

The quality of the bond—listed in 
Tables I through IV——-indicates the 
characteristics of the filler metal ap- 
pearance after fracture. Investigation 
shows that only in comparatively few 
instances are the joints absolutely sound 
and voidless. Joint imperfections were 
caused by gas inclusion and failure of 
the base metal-filler metal interfaces. 
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Table I—Results of Low-Carbon (1020) Steel Bars Brazed with 


Bar dia* in. | thicknessT, 


0073 
0072 
0005 
0040 
0063 
0086 
1049 
0178 
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Table II—Results of Low-Carbon (1020) 


Avg joint 


00029 


Pure Silver 


Fracture 


in. load, Ib 


6,850 
6,200 
12,200 
10,150 
7,920 
8,275 
4,680 
3,000 
13,550 


| 


| 
| 


| strength, psi 


Ultimate 


tensile 


36 ,900 
39,000 
62,900 
50,900 
39,000 
41,300 
23,400 
15,100 
67,200 


Quality of the metallic bond 


I 


Some voids (10%) 

Some voids (15%) 

Absolutely sound and voidless 
Some voids (10%) 

Almost voidless (5%) 

Almost voidless (2%) 

Many voids (20%) 

Many voids (20%) 
Absolutely sound and voidless 


Steel Bars Brazed with 


Pure Copper 


00012 


0026 
‚0047 
0074 
0093 


‚0101 
0130 
0136 

0.0183 


|Not Measurable) 13, 


*Average of five readings. 


One sector (20%) not covered; 
rest no void 

Absolutely sound and voidless 

Many small voids (5%) 

Some voids (5%) 

Voids cover 60% of brazed 
surface 

Large voids (25%) 

Some voids (5%) 

Some voids (10%) 

One large void (10%) 

Broke in base metal 


tAverage of four readings. 


Table III—Results of Low-Carbon (1020) Steel Bars 
Brazed with BAg8 Brazing Alloy 


| Avg joint 
| thicknessf, 
in 


0077 
0008 
0034 
0076 
0081 
0092 


0150 


0.0210 


Fracture 
load, Ib 


8,120 
8,750 
12,200 
8,525 
9,200 
7,950 


8,250 


9,100 


Ultimate 
tensile 


45, 


39, 


41, 


45, 


strength, psi | 


200 


Quality of the metallic bond 


Separation on the interfaces 
Almost voidless (5%) 
No voids. Separation on the inter- 
faces 
No voids. 
faces 
No voids. 
faces 
No voids. Separation on the inter- 
faces 

Some voids. Separation on the in- 
terfaces 

Separation on the interfaces 


Separation on the inter- 


Separation on the inter- 


Table IV—Results of Low-Carbon (1020) Steel Bars 
Brazed with BAgMn Brazing Alloy 


*Average of five readings. 
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Some small voids (597 
Almost perfect (2%) 

Some voids (10%) 
Separation on the interfaces 
Perfect joint 

Large voids 


tAverage of four readings. 
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Fig. 4—Relationship of pure silver brazes when using plain 
carbon and drill rod bars. These test data indicate that base 
metal strength improves tensile strength of joint. 


The number and size of the gas in- 
clusions increased with the joint thick- 
ness. Extremely thin joints had no gas 
bubbles. Thicker joints had some and 
in very thick joints the number and 
size were so large that the tensile 
strength values were not dependable. 
Also in wide gaps, capillary forces, that 
contribute to the filling of the joint, 
were so weak that insufficient filling 
occurs. 

Imperfection between the base 
metal-filler metal interfaces caused frac- 
ture along the interface rather than 
along the plane of symmetry. These 
failures yield low tensile strengths, and 
are observed exclusively on BAg8 
joints, and not in copper, silver 
BAgMn filler metals. 

The highest tensile strength values 


are produced in 1) voidless joints and 
> 
2 ) 


or 


those that break in tension in the 
middle of the filler metal disk. To con- 


struct the tensile strength-joint thick- 
ness curves, specimens with voids not 
exceeding 10 per cent of the total 
brazed area are used. 
Tensile Strength-Joint 
Thickness Curves 

The maximum tensile strength values 
of a brazed joint with a certain base 
metal-filler combination will be inde- 


pendent of the brazing method if: 
1) The filler metal disks are sound 


G20 


and voidless—less than 10 per cent of 
the total brazed area. 

2) The filier metal disks show no 
sign of diffusion or intermetallic com- 
pound formation. 

3) The filler metal disks are not dis- 
torted and have a continuous thickness. 

4) The fracture zones are placed 
along the plane of symmetry. 

5) The brazing temperature is not 
appreciably altered. 

6) The base metal bars have 
same mechanical properties. 

7) Bar alignment is perfect. 

If these factors are met the results re- 
corded for the butt-brazed tensile speci- 
men, Fig. 3, will be applicable to other 
brazed joint geometries. 

The curves for the tested specimens 
are plotted on one graph, Fig. 3, for 


easy comparison. The horizontal lower 
lines represent the ultimate tensile 
strength of the filler metals in their 


annealed state. The average ultimate 


tensile strength of the unbrazed SAE 


1020 steel, heated and cooled, is the 
horizontal upper line and is equal to 
69,000 psi. 


Although joint strength decreases 


with filler metal thickness it should be 


noted that the brazed joint is stronger, 
in all instances, than the metal in the 
annealed condition. 


Similar tests were made on drill rod 
bars. The purpose was to determine the 


the 


0.0050 


UTS pure copper 


00100 0.0150 0.0250 


Joint thickness, in 


0.0200 


Fig. 5—Relationship of pure copper brazes, with plain car- 
bon and drill rod bars and strength of parent metals. No 
satisfactory joints were obtained with BAgMn filler metal. 


effect of base metal strength on the 
tensile strength of brazed joints of vari- 
ous thicknesses. Pure silver and pure 
copper were used as the filler metals. 

These tests are summarized in Tables 
VI and VII. Hardness values are also 
recorded for before and after brazing. 
Hardness of the layers adjacent to the 
joint influence the strength. The varia- 
tion in hardness is small with an aver- 
age of Rc32 for silver and Rc36 for 
the copper brazing. 

From the measured hardness number 
can be found, through use of the ap- 
propriate conversion charts for plain 
carbon the tensile 


steel, ultimate 


Table V—Results of Low-Carbon 


(1020) Steel Bars* 
(Without Brazed Joint) 


Fracture 
load, Ultimate tensile 
Ib strength, psi 


14,300 
12,400 


14,300 


72,000 
62,100 
71,500 


Avg — 69,000 


*The bars were heat treated in the induction 
coil under exactly the same conditions as in a 
standard brazing cycle. 

TAverage of five readings. 
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strength and yield strength of the base 
metal for anyone of the specimens. 


The exact determination of the ten- 
sile strength of the unbrazed drill rod 
bars, heated and cooled "nder exactly 
the same conditions as in the standard 
brazing operations disclosed an average 
of 109,500 psi. 

However, the determination of the 
hardness distribution on the surface of 
the brazed drill rod bars has shown 
that the variation in hardness on the 
different sections is considerable. This 
occurs because through heating during 
the brazing operation, the center sec- 
tion of the tensile bar adjacent to the 
brazed joint, is heated to a higher tem- 
perature than the ends of the bar. Since 
the fracture strength of the brazed 
joint is determined by the yield 
strength of the base metal layer adja- 
cent to the brazed joint, the hardness 
of the steel is measured as close as pos- 
sible to the joint (1 mm distance). 
This hardness number is considered the 
most characteristic for the hardness of 
the steel around the joint. 

To compare the tensile strength val- 


ues between the drill rod and the 1020 
steel, Figs. 4 and 5, show the values of 
both. Drill rod ultimate tensile strength 


is 109,500 psi. As shown, the drill rod 


bars have higher strength than the 
1020 steel indicating that base metal 
strength does affect the brazed joint. 


Conclusions 


The four tensile strength-joint thick- 
ness curves indicate that tensile strength 
of the joint can be increased by de- 
creasing the joint thickness. This is 
caused by the biaxial restraint, or the 
suppression of the neck-down effect of 
the filler metal disks. 

When the brazing alloy is stressed, 
it tends to elongate. However, elonga- 
tion requires a collateral reduction in 
area, and this reduction in area is re- 
strained in the joint by the closely 
spaced, hard faces of the steel to which 
the brazing alloy is bonded. The braz- 
ing alloy is then under triaxial tension. 
Material under triaxial tension has a 
higher breaking strength along the 
principal axis of stress, and a lower 
elongation than when pulled in simple 
tension. When the yield point of the 
steel is reached, the steel elongates and 
collaterally reduces in cross section. 
This causes relaxation of the lateral or 
radial tension stresses in the joint, thus 
freeing the brazing alloy to further ex- 
tend out or elongate to failure. 

It is for this reason that the fracture 
strength of pure silver, which in a 
standard tensile test will fail at 21,000 
psi, can be increased to 84,350 psi. 
And, also, the reason that pure copper 
can be increased to 106,500 psi. 


The comparison between SAE 1020 
steel and drill rod bars brazed with 
pure copper and silver indicates the 
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effect of base metal strength on the 
brazed joint. It is possible that by fur- 
ther increases of base metal strength 
that the fracture strength of pure silver 
and copper can be elevated in thin 
joints into the region of brittle frac- 
ture of these metals. 

In terms of practical brazing, this 
may be interpreted to mean that the 
brittle fracture strength of a given pure 
filler metal represents the upper limit 
for the tensile strength of the filler. 
This would be true in thin joints under 
conditions of triaxial tension. 

The metal interface is always 
stronger than the filler disk. This is 
evident by the fact that failure occurred 
in the middle of the disk, so that the 
plane of fracture is identical with the 
plane of symmetry. 

It had always been assumed that to 
obtain a strong brazed joint the forma- 
tion of an alloy system between the 
filler and the base metal is a prerequi- 
site. Since the silver and iron are in- 
soluble in each other, the iron-silver 
interface must be considered an “adhe- 
sion bond.” It is evident, therefore, that 
to achieve a strong and sound brazed 
joint the alloying between base and 
filler metal is not always necessary. 


REFERENCE: 


Investigation of Factors Determining the 
Tensile Strength of Brazed Joints. The 
Welding Journal, November, 1954. 


Table VI—Results of Drill Rod Bars Brazed with Pure Silver 


Avg joint 


Bar dia* in. thickness, in. Ib 


Table VII—Results of Drill 


00415 


01015 
00836 


not measurable 


* Average of five readings. 
tAverage of four readings. 


Fracture load, 


15,700 


13,800 
18,290 
20,900 


Ultimate tensile 
strength, psi 


Quality of the metallic bond 


Rockwell hardness number 
(Rc) of the steel bars 


Shrinkage cavity (5%) 
Some gas entrapments 
Almost perfect joint (2% voids) 
Extremely thin film. Somewhat 


thicker at edges. 


Extremely thin film. Somewhat 


thicker at edges. 


83,000 


74,500 
92,000 
106,500 


Rod Bars Brazed with Pure Copper 


Absolutely sound and voidless 


Absolutely sound and voidless 
Absolutely sound and voidless 
Broke in the base metal 


Rockwell hardness measurements have been made at 1 mm distance from the joint, on both sides of it. 
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Ultrasonic Fluxless Soldering 


W. C. POTTHOFF 


Aeroprojects, Inc. 


ULTRASONIC SOLDERING of aluminum 
has been theoretically possible for some 
years but only recently has this techni- 
que been developed to a point where 
it is useful in production for soldering 
not only aluminum, but also copper, 
silver, and magnesium. 

Ultrasonic soldering offers these ad- 
vantages: No flux is used, therefore, no 
excess flux remains to accelerate cor- 
rosion and joints are free of contami- 
nates left by flux residue. Even sur- 
faces with heavy oxide coatings can 
be tinned. 

The equipment employed includes a 
soldering head, a high-frequency gen- 
erator, and usually an electrically heated 
piaten for supporting and heating the 
work. Soldering heads vary in size and 
shape from small hand units Vg in. dia 
to large industrial units. The industrial 
units have active soldering faces up to 
2V4 in. dia or rectangular surfaces up 
to 1 by 6 in. They consist of an ultra- 
sonic transducer-coupler and a solder- 
ing tip which is heated to a tem- 
perature close to the melting point of 
the solder. 

The generator is an electronic device, 
which converts 60-cycle current to 
20,000 cps impulses and delivers them 
to a stack in the soldering head. 


Fig. 1—Aluminum die cast parts and housing formed by 
soldering the parts together. Housing is 24% by 5% by 34 
in. and withstands 100 psi internal pressure without leakage. 


The stack, made of laminated nickel 
sheet, changes in length approximately 
0.001 in. with each change in its 
magnetic field, or 20,000 times per 
second. Under this forced vibration, the 
soldering head rips off any oxide coat- 
ing on the workpiece and enables the 
solder to alloy with the base metal. A 
true metallurgical bond is thus formed 
between the cleaned base metal and 
the solder. 

Parts require no special cleaning be- 
fore soldering, but they must be heated 
to temperature slightly above the melt- 
ing point of the solder. This is done 
by the heating platen or the tip heater 
on the soldering head. After solder is 
applied to the heated surfaces of the 
parts to be joined, the soldering head 
is brought into contact with the parts 
to remove oxide films and to alloy the 
solder with the base metal. 

Aluminum sheet, extrusions, sand 
castings, die castings, tubing, wire and 
busbars can be joined to each other by 
this method. They can also be soldered 
to dissimilar metals such as silver, cop- 
per, and magnesium. The surfaces re- 
quire no flux, but it is usually desirable 
to remove grease, oil and loose foreign 
particles with a suitable solvent before 
tinning. 

A wide range of tin-zinc, tin-lead, 
and other standard solder alloys can be 
used. Solders with a high tin content 


Fig. 2—Laminated assembly 
stock and extruded sections together. Extruded shapes can 
be bonded to lightweight sheet to increase flexural stiffness. 


will tin aluminum readily. Tin or zinc 
solders with as much as 5 per cent 
aluminum are satisfactory for high- 
temperature applications to aluminum 
and show added corrosion resistance 
under exposure to certain corrosive 
environments. 

Parts of various sizes, shapes, thick- 
nesses and materials can be soldered. 
The process has been used for making 
sleeve-type joints in aluminum tubing. 
With it, plates of copper or silver can 
be soldered to aluminum  busbars; 
aluminum lead wires soldered to alu- 
minum foil condensers; ribs bonded to 
lightweight sheet to increase stiffness; 
and aluminum die castings soldered 
together to form housings that are 
pressure-tight. 

In addition to soldering, the techni- 
que can be used to fill holes in alu- 
minum castings. When a casting is too 
large to be placed on the platen and 
heated, heat can then be applied to the 
casting by a torch or other means. Then 
the casting is placed under the ultra- 
sonic soldering head for soldering. 

Many new applications are being 
found in the electronics field where 
fluxless soldering has the advantage of 
not contaminating parts during the 
final assembly process. In some applica- 
tions, even pretinned parts are sweated 
together without flux by applying ultra- 
sonics to the parts being assembled. 


formed by soldering sheet 
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From: AWS paper 


Silver Brazing 


of Refractory Metals 


C. H. CHATFIELD 


Senior Metallurgist, Handy & Harman 


SILVER BRAZING ALLOYS or filler 
metals can be used to join practically 
all metals except aluminum and mag- 
nesium base alloys and those alloys that 
melt below the temperature range at 
which the silver alloys flow. A number 
of metals and alloys, however, are dif- 
ficult to braze with standard proce- 
dures. 

To obtain a strong bond, the filler 
metal must wet and at least super- 
ficially alloy with the base metal. Fail- 
ure to wet the surface may result from 
films, usually oxide, on the base metal 
or from the incompatibility of the braz- 
ing alloy with the metals being joined. 

With precipitation hardening refrac- 
tory alloys, the brazing procedure not 
only must overcome the refractory 
oxide film, but must fit into the heat- 
treatment required to obtain desired 
physical properties in the base metal. 


ALUMINUM BRONZE. The usual silver 
brazing flux consisting of boric acid, 
alkaline borates and fluorides does not 
work in brazing aluminum bronze. 
With such a flux, black residues form 
on the surface of this alloy that inter- 
fere with wetting and flow. The addi- 
tion of 15 per cent zinc chloride to 
the standard fluxes eliminates the black 
residue and permits making strong 
joints. 

The zinc chloride addition, however, 
destroys the fluxing action on steel. 
When brazing aluminum bronze to 
steel, therefore, a flux which works on 
steel as well as on aluminum bronze 
is required. One such flux consists of 
a mixture of borates, fluorides and 
chlorides; with it, aluminum bronze 
can be brazed not only to carbon 
steels but also to the stainless steels. 

Fluxing is only part of the problem 
of brazing aluminum bronze to steel. 
Contamination of silver filler metals 
with a small fractional percentage of 
aluminum will prevent the formation 


of a satisfactory bond on steel. A silver 
brazing alloy containing a few thou- 
sandths per cent of aluminum will wet 
and flow on the steel when first ap- 
plied. Continued heating for a few sec- 
onds, however, results in dewetting so 
that the brazing alloy can be peeled 
off the steel with ease. 

Also, contamination can occur by 
solution of aluminum from the bronze 
and diffusion through the molten filler 
metal to the steel surface. The brazing 
cycle should, therefore, be as short as 
possible. 

Contamination by aluminum can be 
avoided by the use of a brazing alloy 
containing nickel. The aluminum 
which dissolves in the alloy reacts with 
the nickel and prevents formation of 
detrimental film on the steel surface. 

An alternative method is a copper 
shim in the joint. A sheet of brazing 
alloy is placed on each side of the 
copper; the copper is brazed to the 
steel on one side and to the aluminum- 
bronze on the other. The copper acts 
as a barrier preventing the diffusion of 
the aluminum to the steel. The spe- 
cial flux is still required to bond the 
aluminum bronze to the copper. To 
simplify the assembly of the joint, 
copper with a brazing alloy coating on 
both sides can be used. 


BERYLLIUM COPPER. The best phys- 
ical properties of beryllium copper are 
obtained by quenching after a solution 
treatment at 1450 to 1500 F followed 
by a low temperature anneal at 525 to 
600 F to produce precipitation harden- 
ing. The recommended practice for 
this alloy has been to use a filler metal 
that flows in the temperature range of 
the solution treatment, so that the braz- 
ing operation and solution treatment 
could be combined. The disadvantage 
of this procedure is that the solution 
treatment normally requires a longer 
time than is desirable from a brazing 
standpoint. 

When the assembly is torch brazed, 
two operations are required. With a 
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high melting brazing alloy, therefore, 


there is always danger of overheating 
and partial fusion of the beryllium 
copper unless extreme care is taken 
during torch heating. Also, beryllium 
oxide film formation is more objec- 
tionable at high temperatures. 

Most beryllium copper is supplied 
in the solution treated condition. In 
this condition, it can be brazed at tem- 
peratures of 1200 to 1300 F and then 
precipitation hardened at 600 F to 
develop hardness and spring properties 
comparable to those obtained with 
higher brazing temperatures. After the 
joint has been made, the assembly 
should be quenched as soon as the 
brazing alloy has solidified. It is not 
possible to retain cold work hardness 
through the brazing cycle. 

Joint strengths up to 90,000 psi, ap- 
proximately the proportional limit of 
the beryllium copper (precipitation 
hardened—not cold worked), have 
been obtained on brazed and age-hard- 
ened butt joints. 

To obtain this strength consistently, 
skill and care are required. Flux en- 
trapped in the joint is the principal 
cause of poor joint strength. Beryllium 
oxide is refractory and an active flux 
is required to get maximum oxide 
solubility at the brazing temperature. 

In brazing beryllium copper to steel, 
enough beryllium may diffuse into the 
filler metal to cause the same type of 
dewetting that occurs with aluminum 
bronze. In such instances, a nickel- 
bearing filler metal is recommended. 


17-7 PH STAINLESS STEEL. The treat- 
ment for 17-7 pH stainless steel, which 
is precipitation hardenable, requires a 
transformation heat-treatment at 1400 
F for a period of 30 to 90 min, cooling 
to 60 F, and reheating to 950 to 1050 F 
for 90 minutes. 

A procedure, which gives excellent 
results, is to heat-treat at 1400 F, cool 
to 60 F, torch braze with a filler metal 
that flows below 1400 F, cool to 60 F, 
and finally reheat to 1050 F. The hard- 
ness of the steel obtained closely ap- 
proaches that obtainable without the 
brazing operation. It is essential, how- 
ever, to keep the brazing cycle as short 
as possible. 

The transformation heat-treatment 
and brazing operation can be com- 
bined, provided the 1400 F anneal is 
shortened to 30 min. The joint is then 
cooled to 60 F and reheated to 1050. 
Shear strengths as high as 43,000 psi 











have been developed on 0.050 in. gage 
stock lapped 0.200 in. Laps of approxi- 
mately 2$ in. had approximately 10 
per cent higher breaking loads without 
failure in the joint. The steel had a 
tensile strength of about 185,000 psi. 
Easy-Flo No. 3 was used in making 
these joints. 


CHROMIUM CARBIDE, Chromium car- 
bides present problems in wetting that 
vary with the compositions and manu- 
facturing processes. Certain chromium 
carbides in the as-sintered conditions 
have a nickel-rich surface that is rela- 
tively easy to wet. When their original 
surface is ground off, however, the 
underlying material may be difficult 
to wet. Among the several approaches 
are: Use of Ag-Cu-Sn-Mn alloy; and 
use of flux with one per cent of pow- 
dered silicon metal admixed. With the 
silicon flux, standard brazing alloys 
may generally be used, but the com- 
bination of special brazing alloy and 
special flux may be required for a 
particularly refractory grade of carbide. 
On the other hand, the special Ag-Cu- 
Sn-Mn alloy often suffices with stand- 


ard flux. 


Another alternative is 85 per cent 
Ag—15 per cent Mn with standard 
high temperature flux. This wets any 
chromium carbide thus far encoun- 
tered; the temperature, however, may 
be objectionably high for some uses. 


CHROME-IRON ALLOYS. The problem 
with nickel-free stainless steels is mak- 
ing a joint that resists corrosion in 
humid atmospheres. The bond between 
a nickel-free silver brazing alloy and a 
nickel-free stainless steel may fail in 
a few days in a corrosion medium as 
mild as humid air or running tap 
water. A conventional nickel-bearing 
filler metal will confine, but not en- 
tirely eliminate, corrosion to the 
periphery of a filleted joint. 

The formation of a corrosion-resist- 
ant bond on nickel-free stainless steel 
appears to depend upon the deposition 
of a nickel-rich layer (from the braz- 
ing alloy) over the entire area covered 
by the brazing alloy. One type of alloy 
that forms such a layer has the fol- 
lowing composition: Ag, 63.0; Cu, 
28.5; Sn, 6; Ni, 2.5. It has a flow 
point of 1475 F. While it satisfac- 
torily wets the surface of stainless steel, 
it is sluggish and has poor spreading 
properties. It should, therefore, be pre- 
placed wherever possible to avoid flow- 
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ing long distances. Conventional heat- 
ing and fluxing procedures can be 
used in applying the alloy. 


MOLYBDENUM. The addition of phos- 
phorus to silver brazing alloys permits 
molybdenum to be brazed. As little as 
0.25 per cent phosphorus produces a 
marked improvement in wetting, but 
approximately one per cent of phos- 
phorus is required to obtain the maxi- 
mum joint strength. Copper and silver- 
copper alloys containing up to 7 per 
cent phosphorus have been used suc- 
cessfully. These alloys require no spe- 
cial flux. 

With molybdenum-bearing alloys, 
such as some high-speed steels, phos- 
phorus-bearing filler metals form brit- 
tle iron phosphide at the interface of 
the joint. The addition of about 5 per 
cent of an alkali hydroxide to the 
usual fluxes, however, materially im- 
proves the flow of silver brazing al- 
loys, although the joint strengths ob- 
tainable are less than those of silver- 
brazed tungsten high-speed steels. 


TITANIUM. Titanium is difficult to 
braze for two reasons: (1) Its oxides 
are refractory and not readily removed 
by fluxing; (2) brittle metallic com- 
pounds are formed by reaction with 
the constituents of the brazing alloy. 


A flux, which is a mixture of alkali 
metal chlorides and acid fluorides, will 
clean the surface of titanium so that 
the silver brazing alloys will wet and 
flow. Borate fluxes completely prevent 
wetting. 

Formation of brittle compounds at 
the interface of the joint cannot be 
entirely avoided, however, they can 
be controlled by keeping the time the 
titanium is in contact with the molten 
brazing alloy to a minimum. Butt 
joints have been obtained, which aver- 
aged 45,000 psi, on 2$ in. dia titanium 
rod. 


TANTALUM. Tantalum can be brazed 
with silver alloys with the flux devel- 
oped for titanium, however, the joints 
and the tantalum are usually brittle. 
Copper-gold alloys containing less than 
40 per cent gold can also be used, 
however, there is always a strong like- 
lihood of gas embrittlement of the 
tantalum. 


ALUMINUM TO COPPER. Direct braz- 
ing of aluminum to copper with the 
aluminum-silicon brazing alloys is un- 





satisfactory because of the low melting 
temperature and extreme brittleness 
of the aluminum-copper eutectic com- 
position which forms in the process. 

Strong ductile joints have been made 
by "tinning" the copper with a silver 
brazing alloy and then brazing the 
"tinned" surface to aluminum with the 
aluminum-silicon alloy. The "tinned" 
coating should not be less than 0.005 
in. thick to prevent the diffusion of 
the aluminum to the copper. 

In lieu of the "tinned' coating, the 
copper may be silver plated or a sheet 
of silver may first be brazed to the 
copper. This barrier layer must be ap- 
proximately 0.005 in. thick. 

An aluminum brazing flux must be 
used to dissolve the refractory alumi- 
num oxide film. If a borate flux is used 
to join the silver to the copper, the 
residue should be removed from the 
silver surface before the aluminum 
brazing is done. 

As barrier layers between the alurm- 
num alloy and the copper, the high 
silver cadmium-free brazing alloys 
make more ductile joints than the low- 
melting Ag-Cu-Zn-Cd alloys. A good 
choice is 65 Ag—20 Cu—15 Zn or 75 
Ag—25 Zn. When a fine silver shim 
is used, if it is attached to the copper 
with the first of the above mentioned 
alloys, there will be less tendency to 
remelt the joint during the subsequent 
aluminum brazing step than if the 
silver is applied with the lower melting 
Ag-Cu-Zn-Cd alloy. 
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G FASTENING AND JOINING 


Table I. Suitable Combinations of Filler Metal, Base Metal and Brazing Process 


Base Metal 


Stain- 
less Cast 
Steels Irons 


Heat- 
Resistant 
Alloys 


High-Carbon | Carbon & 
& Tool Low-Alloy 


Steels 


Mg & Mg 
Alloys 


Al & Al 
Alloys 


Ni & Ni 
Alloys 


Brazing 
Process 


Torch 


Cu & Cu 


Steels Allovs 


BAISi BAg 
BCu 
BCuZn 


BNiCr 


BAg 
BCuZn 


BMg BAg 
BCuZn 


BNiCr 


BAg 
BCuZn 
BNiCr 


BAg 
BNiCr 
BCuZn 


BAg 
BCuP 
BCuZn 


BAg 
BAgMn 
BCuZn 
BNiCr 
BAg 
BAgMn 
BCu 
BCuZn 
BNiCr 


Furnace BAg 
BAgMn 
BCu 
BCuZn 


BNiCr 


BAg 
BCuP 
BCuZn 
BCu 


BAg 
BAgMn 
BCu 
BNiCr 


BAg 
BCu 
BCuZn 
BNiCr 


BAg 
BAgMn 
BCu 
BNiCr 
BCuZn 


BAg 
BCuZn 


BAgMn 
BAg 
BCuZn 
BNiCr 


BAg 
BCuZn 


Induction BAg 


BNiCr 


BAg 
BCu 
BCuZn 
BNiCr 


BAg 
BNiCr 
BCuZn 


BAg 
BCuP 
BCuZn 


BAg 
BCu 
BCuZn 


Resistance BAg 


BCuZn 


BAg BAg BAg 
BCuP 


BCuZn 


BAg 
BCuZn 


BAg 


Dip BAg BAg BAg 


BCuZn 


BAg 
BCuP 
BCuZn 


BAg 
BCu 
BCuZn 
BAg 
BCuZn 


BAg 
BCuZn 


Block BAg 
BCuP 
BCuZn 
Flow BCuZn BCuZn 


From “The Brazing Manual”, AWS. 


From: Metal Progress 


Brazing Processes and Filler Metals 


THE ACCOMPANYING TABLE is a guide 
to the suitability of the several com- 
mercial brazing processes to the vari- 
ous base metals and filler metals pres- 
ently available for brazing. 

Torch brazing is widely used be- 
cause torches are available everywhere 
and because widely different masses of 
metal can be brazed with them. 

Furnace brazing is widely used for 
mass production. Brazing with copper 
filler metal (BCu) is done exclusively 
in furnaces, with a reducing atmos- 
phere such as hydrogen or those ob- 
tained by cracking natural gas, am- 
monia, city gas, or other appropriate 
atmosphere. 

When brazing is done in controlled 
atmosphere furnaces, there must be no 
oxides or adsorbed films. Clean sur- 
faces at the brazing temperature are a 
prerequisite to proper wetting of the 
joint faces and good bonding. Occa- 
sionally, in copper brazing in a reduc- 
ing furnace atmosphere, oxides may be 
tolerated, providing the furnace at- 
mosphere is accessible to the oxide 
before or during melting of the copper, 
so that the oxide is reduced to a 


spongy form that is then readily wetted 
by the molten copper. 

Induction brazing is widely used 
and, since the heat may be localized in 
the joint area, it is particularly useful 
where general heating must be avoided. 
Control of the rate of heating is par- 
ticularly important in induction braz- 
ing. Proper location of the heating coil, 
rate of input and use of auxiliary coils 
will prevent excessive variation in the 
clearance between inner and 
members. 

Resistance brazing is generally lim- 
ited to lighter sections of metal that 
may be accommodated in either re- 
sistance brazing tongs or resistance 
welding machines modified to perform 
the brazing operation. 

Dip brazing involves two distinct 
processes. In one a molten bath of 
brazing filler metal, usually with a cov- 
ering of molten flux, is the source of 
heat. The parts, usually small, are 
dipped through the flux into the 
molten brazing filler metal, and this 
brazes the joint. The other method, 
known as chemical bath dip brazing, 
uses a bath of molten salt, wherein the 


outer 
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parts, properly cleaned and prepared 
with pre-placed filler metal, are im- 
mersed. Preheating may be necessary 
before immersion. 

In block brazing, large heated metal 
or carbon blocks supply the heat. The 
parts to be brazed are placed in close 
contact with the heated blocks. This 
process has been largely superseded by 
other more effective means. 

Flow brazing involves the pouring 
of molten brazing filler metal over the 
joint area. The joints are usually pre- 
heated, but a portion of the heat for 
brazing is secured from the flow of the 
molten filler metal over the joint. 


SOUNDNESS OF JOINT. Voids are usu- 
ally caused by improper cleaning or 
irregularities on the joint surfaces. 
Poor assembly or wide spacing will 
also prevent proper flow of the filler 
metal and the displacement of the flux. 
Uniform heating of the joint members 
to the brazing temperature will help. 

Joints should be designed and filler 
metal placed so that the molten filler 
metal flows and displaces the flux and 
forces it outside the joint. 


REFERENCE: 


"Design of Brazed Joints", by the ASM 
Committee on Brazed Joints. Metal Prog 


ress, July 1954. 
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Fig. 1—Fastening for a rolled 


Ci cular P | 
e А : circular section. Tabs are in- 
tegral with sheet; one tab 
1 | out astet ers being longer than the other, 
i and bent over on assembly. 













Fig. 5—Similar to Fig. 4 for sup- Fig. 6—For supporting of rods or Fig. 7—Embossed sheet metal 
porting electrical wires. Tab is tubes. Installation can be either bracket to hold rods, tubes or 
integral with plate and crimped permanent or temporary. Sheet cables. Tension is supplied by 
over on assembly. metal bracket is held by bent tabs. screw threaded into lower plate. 














— — 








m —— — :В) 








Fig. 10—Plate is embossed and tabs bent over on assembly. If two plates Fig. 11—Rods and tubes can be 
are used having tab edges (B) a piano-type hinge is formed. (A) and (B) supported by sheet metal tabs. Tab 
can be combined to form a quick release door mechanism. A cable is is wrapped around circular section 









passed through the eye of the hinge bolt, and a handle attached to the cable. and bent through plate. 











Fig. 14—Strap fastener to hold a circular section tight against a structural Fig. 15—C clamp support usually 
shape. Lock can be made from square bar stock (A) or from sheet metal used for tubing. Serrated wedge is 
(B) tabbed as shown. Strap is bent over for additional locking. Slotted hammered tight; serrations keep 
holes in sheet should be spaced equal to rod dia to prevent tearing. wedge from unlocking. 
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| Fig. 2—Similar to Fig. 1 except 
tube is formed with a lap joint. 
Tab is bent over and inserted into 
cut-out on assembly. Joint tension 
| is needed to maintain lock. 


Fig. 8—Fastening of rod to plate. 
Rod is welded to plate with slotted 
holes. Tabs in bottom plate are 
bent on assembly. 


Fig. 3—Tab fastener for elliptical 
section. Tabs are formed integral 
with sheet. For best results tabs 
should be adjacent to each other 
as shown in sketch above. 


G FASTENING AND JOINING 


Fig. 4—-For supporting rod on 
plate. Tab is formed and bent over 
rod on assembly. Wedging action 
holds rod in place. Rod is free to 
move unless restrained. 


Fig. 9—Tabs and bracket (A) used to support rod at right angle to plate. 
Bracket can be welded to plate. (B) has rod slotted into place. For mass 
production, the tabs and slots can be stamped into the sheet. For limited 
production, the tabs and slots can be hand formed. 


Fig. 12—For connecting wire ends to terminals. Sheet is crimped or tabbed 
‚ to hold wire in place. Variety of terminal endings can be used. If addi- 

tional fastening is required, in that parting of the wire and terminal end 

might create a safety or fire hazard, a drop of solder can be added. 


Fig. 16—Methods of locking rods in machine 
frames. In (A) one end of the rod is machined 
to a smaller diameter. Shoulder and bent mem- 
ber restrains rod from slipping out of frame. 
Limited axial and rotational freedom is present. 
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Fig. 13—Spring joins two rods or 
tubes. Members are not limited in 
axial motion or rotation except by 
spring strength. 


(C) 


Split rod in (B) limits axial motion but per- 
mits rotation. Rod is split on assembly. Wedge 
or pin in (C) bear against washers, Axial mo- 
tion can be restricted but rotation is possible. 
If rod is to be a roller, bearings can be inserted. 





Fastening Sheet-Metal Parts by 


Detachable and permanent assembly of sheet metal 


Fig. 1—Supporting bracket 
formed from sheet metal and 
having integral tabs. Upper tab is 
inserted into structure and bent. 
Ledge weight holds lower tab. 


Fig. 7—Box section joined to a 
flat sheet or plate. Elongated holes 
are integral with box section and 
tabs are integral with plate. Design 
is not limited to edge location. 


Fig. 13—A spacing method that 
ean be used for circular sections. 


Formed sheet metal member sup- 


port outer structure at set distance. 
Bead centers structure. 


Fig. 2—Supporting bracket sim- 
ilar to Fig. 1 but offering restraint 
to shelf or ledge. Tabs are integral 
with sheet metal part and are 
bent on assembly. 


Fig. 8—Bar is joined to sheet 
metal bracket by a pin or rod. 
Right angle bends in pin restrict 
sidewise or rocking motion or bar. 
Bracket end of pin is peened. 


Fig. 14—A removable section held 
in place by elasticity of material. 


Design shown is a temporary or a 


removable cover for an elongated 
slotted hole in a sheet metal part. 


Fig. 3—Supporting ledge or shelf 
by direct attachment. Tab is inte- 
gral and bent on assembly. Addi- 
tional support is possible if sheet 
is placed on flange and tabbed. 


Fig. 9—To support and join 
sheet metal support at right angle 
to plate. Motion is restricted in all 
directions, Bottom surface can be 
grooved for tabs. 


Fig. 154A cover held in position 
by bead and formed sheet. Cover 
is restrained from motion but can 


be rotated. Used for covers that 
must be removable. 
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Tongues, Snaps or Clinching 


parts without using rivets, bolts or screws 


Fig. 4—To support or join a flat 
sheet metal form on a large plate. 
Tabs are integral with plate and 
bent over on assembly. Only side- 
wise motion is restricted. 


Fig. 10—Channel section spot 
welded to plate forms bottom sur- 
face and joins box section to plate. 
Channel edges can be crimped or 
spot welded to restrict motion. 


Fig. 16—A non-removable cover 
design. The vessel is notched as 


shown in A, and the cover crimped 


over, B, on assembly. This is a 
permanent cover assembly. 


ae. 


Fig. 5—Similar to Fig. 4 but mo- 
tion is restricted in all directions. 
Upper sheet is slotted, and tabs 
are bent over and into slots on 
assembly. 


Fig. 11 —Sheet metal strap used to 
join two flat surfaces. Edges of 
plate are rounded to allow strap 
to follow contour and prevent cut- 
ting of plate by the metal strap. 


(D) (E) 


Fig. 6—Single tab design for 
complete restriction of motion. 
Upper plate has an elongated 
hole that matches width and thick- 
ness of integral lower plate tab. 


Fig. 12—Sheet metal structures 
can be spaced and joined by use 
of a tabbed block. Formed sheet 
metal U section is held to form 
by the block as shown. 


(F) 


Fig. 17—Six methods of joining two sheet metal parts. These can be tem- 
porary or permanent joints. If necessary, joints can be riveted, bolted, 
screwed or welded for added strength and support. Such joints ean also be 


used to make right angle corner joints on sheet metal boxes, or for attach- 
ing top and bottom covers on sheet metal containers. 
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(Advertisement ) 


Riveting With a Hammer in 
Blind or Open Applications 


Elimination of special riveting tools can mean 


faster production, lower costs, no down time. 


J. K. BARRY, M. E. 


The use of blind rivets installed with 
only an ordinary hammer from one 


side of the job offers a highly simpli- 


fied method of fastening. Speed, con 
venience and low installed cost make 
Drive Riveting preferable not only for 
blind joints, but for fastening many 
parts that can be reached from either 
side. 

The Southco Drive Rivet has a cored, 
slotted body with a grooved pin pro- 


truding from its head. When the rivet 
is inserted through parts to be fas- 
tened, the pin is driven flush with the 
rivet head causing the expanding 
prongs to form a blind head behind 
the rear sheet. No further finishing is 
necessary, since the pin seats itself 
permanently to complete the smooth 
head contour, 
Drive Riveting has five major advan- 
tages: 

1. No investment in special tooling. 


. No lost time for tool repairs. 
3. No limitation on the number of 
men who can install rivets. 
4. Speed comparable to nailing. 
5. Only one man is needed. 
Widely used in truck bodies, storm 
doors, metal buildings and hundreds 
of other industrial applications, Southco 


Drive Rivets make a secure, vibration- 


proof joint. A wide range of head 
styles, diameters and grip lengths is 
available. 


RECOMMENDED APPLICATIONS FOR DRIVE RIVETING 


SOUTHCO Division, South Chester Corporation, 260 Industrial Hwy., Lester, Pa. 
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E Quick-Opening Fasteners: 


Screw Type ог 1/4 Гага? 


Know the features of each before you specify. 


M. R. TUOZZO 


The selection of a quick-operating door 
fastener usually involves a choice be- 
tween two basic designs; the quick- 
acting screw fastener and tbe V4 turn 
fastener. Both are relatively inexpen- 
sive. Each has advantages that make it 
the logical choice for certain applica- 
tions. 

THE SCREW FASTENER is a rugged, 
square threaded screw assembly engag- 
ing in a special heavy stamped nut. The 
nut is clipped, riveted, or welded to the 
door frame. A special washer behind 
the thread captivates the screw in an 
oversize hole in the door. 

Because of its exceptional “float,” it is 


installed without precision measure- 


ments and will always line up with 
ease. Where a variation in material 
thickness may occur or a gasket must 
be compressed, the screw fastener is 
preferred, since a single grip length 
can be used throughout. Under most 
conditions it will completely disengage 
in two to four turns. It offers excellent 
resistance to vibration and forms a solid 
joint with no "give." 

The screw fastener can be backed all 
the way out of the door frame without 
moving the door. If required, it can 


be installed so as to jack the door open 
as it is unscrewed. 


THE QUARTER-TURN FASTENER 
is usually selected for application on 
aircraft (under Army-Navy-Air Force 
specification MIL-F-5591A) where in- 


stantaneous removal of fastened parts 
is required, As the name implies, it is 
quickly locked or unlocked by a frac- 
tional turn. 

Its strength characteristics also are very 
high when the stud is formed from 
a single piece and no thin springs, 
wires, Of cross pins exist in the assem- 
bly. The stud is retained in the door 
panel by a metal grommet, and en- 
gages in a full floating spring-loaded 
receptacle, riveted or welded to, the 
door frame. 

Where the thickness of door and frame 
are fairly constant through an entire 
production run, the quarter-turn fas- 
tener is a wise choice. Its design affords 
maximum speed in fastening, and 
excellent vibration resistance. 


COMPARISON OF STANDARD QUICK-OPENING FASTENERS 


Stud. | | | b. 


SOUTHCO Division, South Chester Corporation, 260 Industrial Hwy., Lester, Pa. 


SOUTHCO SCREW FASTENER - : 


з. ч 
pio. 
CU > 

~ 


Fastener 

in Position 
Ready for 
Locking 
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How Du Pont Rivets Solve 


Cross-section Photographs above show Du 
Pont Industrial Rivets before and after firing. 
Notice at left that cavity containing explosive 
charge extends full length of rivet shank. 
Closes drilling tolerances are unnecessary be- 
cause when rivet is fired, shank expands to 
fill drill hole completely. Barrel-shaped shop 
end locks rivet securely in place. (See picture 
at right.) These versatile rivets are fired in 
as little as V? second with a Du Pont Electric 
Riveting iron and greatly facilitate fastening 
jobs calling for blind or hard-to-reach riveting. 


A modification of the regular type rivet is 
the Blast-free (noiseless) type. This rivet 
has a metal plug in the shop end of the 
cavity in the rivet shank, which contains the 
explosive charge. When rivet expands, no 
deformation of the opposite or adjacent struc- 
ture occurs, even when that structure is very 
close to the shop end of the rivet. These 
rivets are practically noiseless when being set. 


For additional informa- 
tion about Du Pont In- 
dustrial Rivets send for 
your copy of the book- 
let, Du Pont High- 
Speed Industrial Rivets 
to E. I. Du Pont de 
Nemours & Co., Inc., 
Explosives Department, 
Wilmington 98, Dela- 
wore, or contact your 
neorest supplier. 


у» 


Industrial Problems 


High-Speed Industrial 


Du Pont Industrial Rivets allow extreme design flexibility 
that often eliminates steps in fabrication. These versatile 
rivets are a real help for fastening in blind spots or hard- 
to-reach places, and speed work along open seams. Du Pont 
Rivets are widely employed in the manufacture of bus and 
truck bodies, electrical appliances, metal cabinets, wash- 
ing machines, furniture, toys, and various other com- 
modities. 


DESCRIPTION 


Du Pont Industrial Rivets resemble ordinary solid rivets 
with one important difference. Extending the full length 
of the rivet shank is a small, carefully centered cavity con- 
taining a tiny explosive charge. Application of heat with 
an inexpensive Du Pont Electric Riveting Iron fires the 
charge, setting the rivet neatly, firmly and quickly. 


APPLICATIONS 


These rivets are always set from the head side, and no 
bucking bar is needed. One operator can readily set Du 
Pont Industrial Rivets at the rate of 20 to 25 a minute. 


Almost instantly... 
charge expands, 
forming a barrel- 
shaped head on 
shop end of rivet 
and completely fill- 
ing the drilled hole. 


|__| Touch head of Rivet 

— with heated Du Pont 
Riveting Iron. (Note 
tiny explosive charge 
in rivet shank.) 


EANN 


All Du Pont Rivets have smooth, finished heads. No after- 
finishing, buffing, trimming or cutting necessary. The 
shank expands to fill the hole completely. 


WIDE GRIP RANGE 


The wide grip ronge of Du Pont Industrial Rivets makes it possible to use 
the same length rivet to fasten varying thickness of material, reducing need 
for large inventory of rivets. 


PONT INDUSTRIAL 
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Aircraft and 222222, 
in Engineering Design 


and Aircraft Rivets 


Du Pont Aircraft Rivets save time and labor on both pri- 
mary and secondary fastening jobs. They have proved ef- 
fective in lowering installed fastener costs. Engineering 
designs planned with Du Pont Aircraft Rivets often remove 
restrictions imposed by conventional fastening methods .. . 
reducing fabrication costs. 


STRENGTH DATA 


Du Pont Aircraft Rivets assure strong joints, comparable 
to those made with solid rivets. Shear and tensile strength 
data for typical Du Pont Rivets are shown below. (All 
tested in single riveted steel specimens having recom- 
mended-size holes. ) 


17S-T Aluminum Alloy—Brazier Head Type 


Shear 
Strength 
Lbs/Sq.In. 


Nominal 
Rivet 
Diameter 


1 /8" 
5/32" 
3/16" 


Tensile 
Strength 
Lbs/Sq.In. 
35,200 
35,200 


36,400 
56-S Aluminum Alloy—Brazier Head Type 


1/8” 
5/32" 
3/16" 
1/4“ 


Tensile strength of DR-204 A-16 Aircraft 
Rivets: 1,006 Ibs. per rivet . . . convincing 
reason why fastening done with Du Pont 
Rivets withstands severe stress and strain. 


SPECIFICATIONS 


INDUSTRIAL RIVETS—Du Pont Hi-Speed Industrial Rivets are available in aluminum 
(52S alloy), brass, nickel-plated brass and nickel. They are manufactured with either 
modified brazier or 100° countersunk heads, and are available in four diameters— 
1/8", 5/32", 3/16", and 1/4”. Larger rivets having diameters of .202” and .263” are 
available in 56S aluminum alloy, and with either modified brazier or 100° countersunk 
heads. 


AIRCRAFT RIVETS—Du Pont Aircraft Rivets are made with either modified brazier 
or 100° countersunk heads in two aluminum alloys, 17S-T and 568. They are alodized 
to meet the noncorrosion requirements of military specifications. Four diameters are 
available: .184", .171", .202", and .263". The most recent addition to this line is the 


Du Pont A-286 superalloy aircraft rivet for high temperature applications. It retains 
its strength, both shear and tensile, up to 1400° F. 


006.0. 5. РАТ. ОРС 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


Du Pont Aircraft Rivets are similar in design 
and construction to those produced for indus- 
trial uses. They perform in the same manner 
and help solve many of the problems en- 
countered by design engineers because: 1. 
They provide a quicker, simpler method of 
fastening airplane sections that can be fas- 
tened trom one side oniy. 2. They facilitate 
the design of new ultra-high-speed aircraft, 
as they can be used where space limitations 
are severe, Millions of Du Pont Rivets are 
being used to simplify awkward riveting prob- 
lems in aircraft design and construction. 


A modification of the regular type 56S rivet 
is the blast-free (noiseless) type. This rivet 
has a metal plug in the shop end of the cavity 
which contains the explosive charge. These 
rivets find wide use in honeycomb structures 
as they eliminate the blast which could de- 
form the delicate elements. These rivets are 
practically noiseless when being set. 


Du Pont Aircraft Rivets are the practical an- 
swer to many difficult fastening problems 
found in the aviation industry. 


For additional informa- 
ion about Du Pont Air- 
roft Rivets send for 
your copy of the book- 
et, Du Pont Aircraft 
Explosive Rivets, E. |. 
Du Pont de Nemours G 
Co. Inc,  Explosives 
Department, Wilming- 
on 98, Deloware. 


AND AIRCRAFT RIVETS 
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blankets the fastening field. 










E Q-4 FASTENERS 


The complete story on 
the Shakeproot & Q-4 
Fasteners... the new 
low cost quarter-turn 
fasteners. Write for 
bulletin no. AS-76. 


SHAKEPROOF (4 
n 


QURRTER-TURT 
чи QUIN FASTENER 















Here, represented by Shakeproòf product catalogs, is 
the world’s broadest line of fasteners manufactured for 
mass-assembly industries. Whatever your fastening 
problems, Shakeproof can impartially advise and rec- 
ommend the fastening you need, for this broad line 


When you have a specific problem, or need informa- 
tion on particular types of fastening, see Shakeproof 
first. Ask or write for the descriptive literature on the 
product you want to know more about. This 
Shakeproof fastening library is at your service. 










st "SPEED-NUTS" 


8 ways of reducing 
costs with "Speed- 
Nuts'' detailed in this 
20 page catalog as well 
as complete engineer- 
ing and dimensional 
data. Write for catalog 
no. AS-38R. 


«(Lock wasutns 


SHAKEPROO 


has the answer to your fastening problems! 
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The story of Keps, the 
pre-assembled Nut 
and Shakeproof Lock 
Washer, is contained 
in this 32 page catalog. 
Featuring the cost- 
saving principle of pre- 
assembly. Write for 
catalog no. AS-39. 


















A 32 page catalog that 
tells all about SHAKE- 
PROOF® Lock 
Washers, ''job- 
tailored" to help you 
build a better product 
at lower cost. Write 
for catalog no. AS-77. 
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Sems-by-Shakeproof 
36 page catalog has full 
technical specifica- 
tions and describes 
advantages of this pre- 
assembled lock wash- 
er and screw unit. 
Write for catalog no. 
AS-62. 


SPRINGRIP 
WASHERS 


The Shakeproof® 
Springrip Washer, 
shaft-retaining fasten- 
er, is described here 
with dimensional data 
and application recom- 
mendations. Write for 
catalog no. AS-83. 













|} SHAKEPROOF 


| TERMÍNRLS 


The precision Stamp- 
ed Gear 32 page cata- 
log describes their 
general use and appli- 
cation, and has all 
staridard catalog data 
and specifications. 
Write for bulletin no. 
AS-35. 















TERMINALS 









THREAD-CUTTIN 
SCREWS 


All specifications, & 
vantages, and reco. 
mended uses t 
Shakeproot®Threa 
Cutting Screws € 
detailed inthis catalc 
Write for catalog r 
AS-78. 
















tenure 





This booklet contair 
full information с 
Shakeproof® Term 
nals, the uses of th 
positive electrical co: 
nector, its applicatior 
and specification 
Write for bulletin n. 
AS-84. 
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LOKUTS® 


zes, specifications, 
id advantages of 
»kuts, prevailing 
rque type self-lock- 
jnuts, arepresented 
this folder. Write for 
illetin no. AS-34-RZ. 


= PLASTI-RING® 


A four page folder on 
Plasti-Ring shaft 
retainers that shows 
how they work and 
what their advantages 
are. Complete with all 
data. Write for bulletin 


no. AS-60. 


SHAKEPROOF 


Plasti-Rivets 


^ PLASTI-PLUGS 


| 


M 


Shows how color- 
matched Plasti» 
Plugs can improve 


PLASTI- 
GROMMETS® 


How Plasti-Grom- 
mets, the plastic 
screw receptacle, 
eliminates extra parts, 
saves on assembly 
time, and cuts costs 
is shown in this 
brochure. Write for 
bulletin no. AS-59, 


PLASTI- 
RIVETS® 


All about the plastic 
one-piece, self-ex- 
panding Plasti- 
Rivets. Contains di- 
mensions, engineer- 
ing data, and suggest- 
ed applications. Write 
for bulletin no. AS-79. 


STRAIN-RELIEF 
GROMMETS 


The folder on Plasti- 
nite Strain-Relief 
Grommets has all the 
facts on this one-piece 
nylon bushing that 
holds electrical appli- 
ance cords tight— 
won't pull out. Write 
for bulletin no. AS-85. 


PLASTI- 
SUPPORTS® 


Fulldetails and specifi- 
cations on Plasti- 
Supports, rugged 
one-piece plastic fas- 
teners for supporting 
shelves and trays. 
Write for bulletin no. 
AS-64. 


TV TERMINAL 
CLIPS 
Bulletin describes new 
Shakeproof® TV An- 
tenna Terminal Clip. 


SPRING 
WASHERS 


The broad line of 
Spring Washers is 
illustrated and thor- 
oughly described in 
this 8-page informative 
booklet. Write for bul- 
letin no. AS-58-RI. 
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E QUICK- 
FASTENERS 


Folder on Quick- 
Fasteners has com- 
plete information and 
specifications onquar- 
ter-turn fasteners for 
aircraft and industrial 
use. Write for bulletin 
no. AS-3-RZ. 


POWER SCREW- 
DRIVERS 


Tells how to take the 
handwork out of screw 
driving with Shake- 
proof Power Screw 
Drivers . . . another 
"fastening feature" by 
Shakeproof. Write for 
bulletin no. AS-4-RZ. 


appearance of your 
product, while plug- 
ging production holes, 
breather holes, etc. 
with these easy to in- 
sert hole plugs. Write 
for bulletin no. AS-81. 


_ Shows how self-retain- 
3 ing clip snaps into 
| | place. Write for bulletin 
no. AS-82. 
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DIVISION OF ILLINOIS TOOL WORKS 

St. Charles Rd., Elgin, Illinois * Offices in Principal Cities 
In Canada: Canada Illinois Tools Limited, Toronto, Ontario 
World's Broadest Line of Mass-Assembly Fastenings 





Say P-K e o o TOF 
Self-tapping Screws 


special 


¢ 
hw | Po 
SLOTTED OR PHILLIPS HEAD 


For fastenings to light gage (.015” 
to .050°') sheet metals, asbestos 
compositions, resin impregnated 
plywood, wood, etc. The originol 
Sheet Metal Screw. Forms its own 
matching thread os it is turned in. 
Can be removed and replaced. 


Standard screws are hardened steel. 
Type 302 (18-8) Stainless Steel, non- 
hardenable (standard in some 
sizes). Type 410 Corrosion-resistant 
Steel, hardened (special order). 
Aluminum (special order). 


Can be furnished on 
special order, quantity 
permitting. Some vari- 
ations of the standard 
Type A form are shown. 


Separate metal and neoprene rub- 
ber washers permit uniform “flow” 
of rubber, maximum resistance 
against leaks. Widely used in 
building construction for fastening 
roofing sheets, etc. 


Type A 
STAPS 


AEE, 


Designation 


— SLOTTED OR PHILLIPS HEAD 


For fastenings to light and heavy 
goge (.015" to .200") sheet metals, 
non-ferrous castings, plastics, resin 
impregnated plywood, asbestos 
compositions, etc. Forms its own 
matching thread as it is turned in. 
Can be removed and replaced. 


Type 302 (18-8) Stainless Steel, non- 
hardenable (standard in some 
sizes). Type 410 Corrosion-resistant 
Steel, hardened (special order). 
Brass and Aluminum (special order). 


Con be furnished on 
special order, quantity 
permitting. Some vari- 
ations of the stondard 
Type Z form are shown. 


P> 


Separate metal and neoprene 
rubber washers permit uniform 
“flow” of rubber, preventing leaks, 
squeaks, and enamel! surface dam- 
age in metal assemblies. 


Type Z 
STAPS 


[ 


{ 


HEX HEAD 


hw ], 


tA.S.A. 
Berat 
Туре В 


? 


For fastenings to light and heavy 
gage sheet metals (.015'' to .200"') 
and structural steel (.200"* to 1"), 
non-ferrous costings, plostics, resin 
impregnoted plywood, asbestos 
compositions, etc. Forms thread os 
it is turned in with socket wrench. 
Can be removed and replaced. 


Standard screws ore hardened 
steel. Type 302 (18-8), non-horden- 
able Stainless Steel, and Type 410, 
hardened, Corrosion-resistant Steel 
(special order). 


Con be furnished on 
special order, quantity 


Ur. 
^ 7 T 
jmx/ permitting. Some vori- 
y ` ations of the standard 


Hex Head Type Z form 
RJ ore shown. 


f 
# 
4 
P: 
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Hex Head 

Type Z 

STAPS 
Preferred for fastening metal or 
composition sheets to structural 
steel in metal buildings. Separate 
metal and neoprene rubber washers 
permit uniform ''fiow' of rubber; 
prevent water leaks. 


PARKER-KALON' 
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Millions in savings made with P-K Screws since they 
were originated by Parker-Kalon have proved the Self- 
tapping Screw method reduces assembly costs. 

But it takes more than the right method to make sure 
planned savings pay off. It takes P-K quality standards 
to guard against defective screws that cause assembly 
trouble, costly damage to parts, and hidden weakness 
that shows up in customer complaints. 

Only Parker-Kalon can offer P-K quality, the indis- 
pensable extra, along with the proved advantages of 
Self-tapping Screws. 

Plan your assemblies for lowest cost . . . a P-K As- 
sembly Engineer will help you. Then make sure planned 
savings keep on paying off . .. when you purchase, order 
"P-K". Parker-Kalon Division, General American 
Transportation Corporation, 200 Varick Street, New 


York 14. 
Lomond рк. OK 


SLOTTED OR PHILLIPS HEAD 


For fastenings to comporatively 
thin sections and bosses in friable 
ond brittle plastics. Five cutting 
flutes distribute pressure evenly, 
permit chips to drop to bottom of 
hole. Coarse threads offer greater 
resistance to stripping out. 


Type F-Z Screws are made on spe- 
cial order only, quantity permitting. 
Con be furnished in ploin steel or 
stainless steel. 


Can be furnished on 
special order, quantity 
permitting. Some vari- 
ations of the standard 
Type F-Z are shown. 


Tipe | gp 


SLOTTED OR PHILLIPS HEAD 


For fastenings to ferrous and non- 
ferrous castings, bronze or brass 
forgings, heavy gage sheet metals, 
structural steel, plastics, resin im- 
pregnated plywood, etc. Cuts 
stondord mochine screw thread os 
it is driven. Can be removed and 
replaced. 


Standard screws are hardened 
steel. Type 410 Corrosion-resistant 
Steel, hardened, (special order). 


Modifications can be 
furnished as needed on 
special order, quantity 
permitting. Some vari- 
ations of the standard 
Type F form are shown. 


hw [| p" 


For permanent fastenings to ferrous 
end non-ferrous castings, heavy 
gage sheet metals, plastics, etc. 
Cannot readily be removed. 


Standard screws ore hardened 
steel. Type 410 Corrosion-resistant 
Steel, hardened, (special order). 


Some variations of the 
standard Type U form 
ore shown. Modifica- 
tions can be furnished 
os needed on special 
order, quantity permit- 


5» x 
STAPS 


Cut neoprene tubing washer under 
cupped head to prevent washer 
from spreading, provides maximum 
resistance to moisture penetration. 
Used for fastening sheets to struc- 
tural steel, etc. 

Standard screws are hardened steel. 


The 7700 SELF-TAPPING SCREWS 
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HEAD STYLES 


Types A, Z, F, and F-Z are avail- 
able with any of these commonly 
used head styles—ROUND, BIND- 
ING, STOVE, FLAT, OVAL, HEX. 


FINISHES 


Standard plated finishes are Zine, 
Brass, Nickel, Cadmium, or Par- 
kerized. Other finishes on special 
order. 


STAPS 


are P-K Fasteners with pre-assem- 
bled metal and neoprene washers. 
They have many applications for 
effective control of leaks, squeaks, 
electrolysis, and crazing of enam- 
eled surfaces. Furnished to special 
order, quantity permitting. 


TYPE 21 


A Drive Screw for 
fastening fibre, 
leather, fabric, 
cardboard, etc., to 
sheet metal. For 
permanent fasten- 
ings. 





For the finest in fasteners, 
it’s RB&W 


LOCK PRODUCTS 


Hardened Machine, 
Tapping Screws and 
Nuts with ratchet-like 
teeth at outer bearing 
surface to prevent 
loosening. Can be dis- 


assembled and re-used. 
A product of RB&W 


engineering research. 


PHILLIPS AND CLUTCH 
Providing fast assem- 
bly and pleasing ap- 
pearance, recessed 
head Machine or Tap- 
ping Screws also elimi- 
nate driver slippage. 
Can be furnished in 
SPIN-LOCK type. 


MACHINE SCREWS 


For non-permanent as- 
sembly of light gauge 
metals. Must be used 
in tapped holes. 


SMALL RIVETS 
7«-in. diameter and 
smaller for permanent 
fastening of light- 
gauge metal assem- 
blies. Various head 
styles for use in cooper- 
age, cutter bar sec- 


tions, metal culverts, 
stoves, etc. 


TAPPING SCREWS 
Hardened Machine 


Screws designed to 
form or cut their own 
threads in sheet metal, 
castings, plastics, etc. 


RB&W manufactures a wide variety of 
special products on its modern cold-head- 
ing and cold-forming equipment. RB&W 
development engineers are ready to co- 
operate with your staff in designing special 
parts in order to gain the greater uni- 


SPECIALS 


formity, improved physical properties and 
lower cost made possible by this special- 
ized type of manufacturing process. 


ي 
ر 


STRATEGICALLY LOCATED PLANTS... 


OTHER CONVENIENT 
SALES OFFICES... 


Ardmore, (Phila.) Pa. Chicago, Ill. 
Pittsburgh, Pa. Dallas, Texas 
Detroit, Mich. San Francisco, Calif. 


plus sales agents in New Orleans, Milwau- 
kee, Denver, and Seattle . . . and distributors 
from coast to coast. 


© Port Chester, N. Y. 
Rock Falls, Ill. ® * 
Coraopolis, Pa. € You can count on fast, dependable service from 
RB&W's strategically located plants in New York, 
Pennsylvania, Illinois and California. RB&W's sales 
offices and sales agents across the country make the 
solution of your fastening problem no farther away than 
your telephone. 


FREE CATALO Gwen be glad to send you a free 


copy of RB&W catalog, containing facts, specifica- 
tions and prices on RB&W products—the Complete 
Quality Line. 


RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 


40 Slater St., Port Chester, New York 
RB&W Fasteners — STRONG POINT in any Assembly 


@ Los Angeles, Calif, 





For any 


From a camp-stove to a railroad bridge—where 
you want parts to stay fastened for keeps, specify 
RB&W —the fasteners with the 110-year record of 


reliability. 


RB&W gives you a full line to choose from... 
uniform quality you can count on... 


threading for precise fit and faster assembling... 


stening job... 
call on? & & v^ 


and dependable holding power for safe and permanent 
assemblies. If the fastener you need can't be supplied 


from our large complete stocks, and production 
quantities are required, we'll design and make the 
right one for the job. 


(Refer to A.S.A.B.18 for dimensions on all stand- 
ard products.) 


super-accurate 


There's an RB&W product for every fastening job 


CARRIAGE BOLTS 
Used in wood where 
embedding of square 
shoulder prevents rota- 
tion. Alsoin harder ma- 
terial where access to 
head is barred or con- 
tour head is required. 
Here, square hole is 
required, 


HIGH-STRENGTH BOLTS 
High CarbonSemi-Fin- 
ished Hex Machine 
Bolt for steel structures 
or wherever stress re- 
quirements call for a 
rigid connection to stay 
tight understaticordy- 
namic loading. 


SILICON BRONZE 


A non-ferrous fastener 
with strength compa- 
rable with carbon steel. 
Resists corrosion and 
certain acid reactions. 
Used extensively in 
electrical connections. 


PLOW BOLTS 
First made for farm im- 
plements, now used 
where design calls for 
flush head. (No. 3 head 
is now nearly univer- 
sal.) Square shoulder 
must be accommo- 
dated but prevents ro- 
tation. 


CAP SCREWS 
Designed for tapped 
holes but also used with 
nuts where controlled 
body tolerance is re- 
quired. Two types: 
Bright (low carbon) 
and High Carbon Heat 
Treated for greater 
strength. 


ELEVATOR BOLTS 


The large, low head is 
designed fora flush con- 
nection in soft ma- 
terial; for instance, 
buckets to belting in 
grain elevators— 
whence its name. 


STOVE BOLTS 


Machine Screw fur- 
nished with nut. A pop- 
ular type of inexpen- 
sive fastener for use in 
light metal products in- 
cluding many items 
found in the home. 


STEP BOLTS 


Used in place of Car- 
riage Bolt where wider 
and lower head is re- 
quired, as in stair 
treads. 


NUTS 

Square Nuts in both 
Regular and Heavy 
series. Light and Reg- 
ular Series Hex Nuts 
have been consolidated 
into new Finished Nut. 
For greater bearing 
surface, Heavy Hex 
Nuts are available. 


LAG BOLTS 


Generally used to fas- 
ten metal objects to 
wood (for instance, ga- 
rage door hardware) or 
used in connection 
with expansion shields 
in masonry, 


MACHINE B 


One of the commonest 
of all fasteners with 
wide range of applica- 
tions for holding or 
clamping component 
parts securely. 


* 
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() 


Series 5008 
inverted internal 


CY 


Series 5103 
crescent 


Q 


Series 5005 
self-locking internal 


Cv 


Series 5500-31 
special purpose 


С) 


Series 5001 
bowed internal 


G 


Series 5133 
E-ring 


Ф 


Series 5300 
triangular nut 


n 


Series 5504 
special purpose 


Q 


Series 5108 
inverted external 


G 


Series 5131 
bowed E-ring 


Q 


Series 5105 
self-locking external 


0 


Series 5500-96 
special purpose 


Q 


Series 5100 
external 


Q 


Series 5102 
beveled external 


C) 


Series 5107 
interlocking 


(2 


Series 5104 
special purpose 


Q 


Series 5101 
bowed external 


C 


Series 5139 
locking prong 


à 


Series 5305 
triangular self-locking 


o 


Series 5505 
special purpose 


Series 5000 
internal 


С) 


+ Series 5002 
beveled internal 


Q 


Series 5555 
grip ring 


Series 5400 A 
special purpose 


WHATEVER YOU MAKE, THERE'S A WALDES TRUARC RING 
DESIGNED TO SAVE YOU MATERIAL, MACHINING AND LABOR COSTS 


COMPLETE SELECTION—AIl your retaining ring requirements 
can be obtained from this one dependable source. Waldes 
Truarc rings are available in 36 functionally different types... 
as many as 97 standard sizes within a ring type...5 metal 
specifications and 14 different finishes. 


DESIGN SERVICE—For help in designing new products or in 
refining present designs, send your blueprints to Waldes Truarc 
engineers. Whether your product requires standard or custom- 
designed rings, these experts are ready to help you. They will 
also design special assembly jigs and fixtures—or even help 


you set up an automation assembly operation. 
MANUFACTURING EXPERIENCE—Waldes Truare pioneered 


precision retaining rings. Truarc Rings have been standardized 
by leading U. S. industries and Government agencies. Waldes 
Kohinoor, Inc. has over 50-years experience in inventing, de- 
veloping, and manufacturing precision fasteners. 


FIELD ENGINEERING SERVICE—More than 30 engineering- 
minded factory representatives and 700 field men are avail- 
able to you on call! This engineering service can prove invalu- 
able in helping you to solve design, assembly and production 


QUALITY CONTROL—Every step in the manufacture of Waldes problems. 


Truarc rings—from engineering and raw materials through to 


the finished product—is carefully controlled and tested in our 
own modern plant. Truarc standards are the highest in the 
industry—your guarantee of consistent, uniform quality. 


DISTRIBUTION —Truarc rings are available from leading OEM 
Distributors in 90 stocking points throughout the United States 
and Canada. 


RETAINING RINGS 


® 
WALDES KOHINOOR, INC. 


LONG ISLAND CITY 1, NEW YORK 


WALDES nem rene аю, Grooving Tools, Pliers, дает э м Dis LUST, — dl ete or more of the following 
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B.F. Goodrich Rivnut 


solves practically any fastening problem 


MAKES NUT PLATE, SEAL. Quickly installed 
in gas tank wall, Rivnut makes firm, 
accurate nut plate that can’t be loosened 
by shock or vibration. At least six threads 
are clean for bolt attachment to engine 
housing. Straps, rivets, braces, nuts are 
eliminated. Rivnut's special closed end 
makes 10096 gasoline-tight seal. 


BRACKET 


NN 
Кы 


RIVNUT 


RANA 


D 


i 


CUTS ASSEMBLY COSTS 50%. In a street 
light application, it took two men to fasten 
the arm bracket to the pole. Then the 
manufacturer redesigned the unit to use 
Rivnuts. Now one man can do the job in 
the same time. Tests show the pole or 
arm bracket will fail before the Rivnuts. 


How Rivnuts provide at least 6 clean threads in one simple operation! 


1 Rivnut is threaded onto 
pull-up stud of a manual 


2 Rivnut is inserted—head 
firmly against work — tool 


RIVNUT 


LEVELING 
FOOT 


NEW WAY TO FASTEN LEVELING FEET. 
Appliance manutacturers install Rivnut 
in metal too thin to tap or weld after 
enameling. Bulge in Rivnut shank 
(second head) firmly grips the material. 
At least six threads remain clean to take the 
leveling foot screw — more than enough 
to handle the weight of heavy appliances. 


RIVNUT 


n. 


DOES TWO FASTENING JOBS. Rivnuts 
simplify transformer assembly from start 
to finish. Starting with unassembled parts, 
worker fastens sheet of plastic to metal 
cover with Rivnuts. With cover secured 
to frame, the Rivnuts then serve as 
mounting plate. 


3 Tool lever operates pull- 
up stud, forming a bulge 


SPEEDS HANDLE ASSEMBLY. B. F. Goodrich 
Rivnut saves time fastening handle to 
small appliance. It provides a strong nut 
plate in seconds. Replaces slower fasten- 
ing methods like nuts and bolts, welding, 
clinching, tapping. Rivnuts can be installed 
from one side and the open end types can 
take an attachment screw from either side. 


TLL 


NEW WAY TO FASTEN TO WOOD. Special 
splined Rivnut for solid fastening in 
wood eliminates wood screws, provides 
six metal threads for attachment bolt. 
Bulge formed in shank holds Rivnut fast. 
Splined shaft keeps it from turning. Used 
for bus seats, metal backs in TV sets, etc. 


4 After upset, Rivnut threads 
are still clean and intact, 


in the Rivnut shank. 


B.F. Goodrich 


<RIVN UTS 


The only one-piece blind rivet with threads 


or pneumatic heading tool. at right angles to work. ready for screw attachment. 


SEND NOW FOR FREE 
RIVNUT DEMONSTRATOR 


Demonstrates with motion how you can 
use Rivnuts to fasten TO and WITH. 
Explains construction, simplicity of in- 
stallation. Get your free copy by writ- 
ing to: The B. F. Goodrich Company, 
HD-6, Akron, Ohio. 
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things you should look for in Special Fasteners 


PUT THEM TO THESE TESTS: 


1. Can they be installed simply and quickly? 
2. Is the fastening action smooth? 

3. Do they lock securely... positively? 

4. Can they take the load? 


5. Do they have the design flexibility you need? 


Every one of Simmons’ “Big Five” Fasteners meets all of these 
tests. Each type of Simmons Fastener has proved to be an assem- 
bly-cost saver in a wide range of products including refrigerators, 
washing machines, aircraft, machine tools, electrical equipment, 
electronic equipment, office equipment, prefabricated portable 
shelters, coolers, and demountable furniture. Simmons’ 36-page 
catalog gives you all the facts on these five product-improving, 
cost-reducing fasteners. It contains dozens of application exam- 
ples, complete specifications, installation instructions and engi- 


neering data. Write for your copy today. Ask for samples, too. 


Simmons Fastener Corporation, 1751 N. Broadway, Albany 1, N. Y. 


QUICK-LOCK 


Si SPRING-LOCK 

IMIMORN)S |котолоск 
LINK-LOCK 
DUAL-LOCK 


FASTENERS WITH USES UNLIMITED 
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and | Simmons Fasteners that give them to you 


CHECK THESE SIMMONS COST-CUTTERS: 


QUICK-LOCK * Easy to install, ouick-Lock is ideal for assembling removable 
panels and access doors. A 90? turn locks it in place. Stud is self-ejecting when 
unlocked; visual inspection shows whether fastener is locked. Spring loading 
takes initial load; solid supports carry increased load. Available in various sizes 
with choice of stud and receptacle types. 


SPRING-LOCK * One-piece fastener for blind holes has load-carrying steel 
spring wire. Spring steel arms lock it securely, prevent loosening under vibra- 
tion. SPRING-LOCK is self-adjusting for various material thicknesses, locks with 
a twist of the wrist. Made in all-metal and plastic with steel insert. Perfect for 
shelf supports, washer knobs, brackets. 


ROTO-LOCK + Makes butt or right-angle joints easily. Tapered cam design 
permits secure locking even in misaligned or semi-open position. ROTO-LOCK 
carries heavy tension and shear loads; can be used for air and water-tight 
seals. Solidly built without springs or delicate mechanical parts; unaffected 
by arctic temperatures or field service. Excellent wherever demountability is 
an important factor. 


LINK-LOCK + Springless latching device for use wherever pre-loaded closure 
is required. Impact and drop-resistant, LivK-Lock provides heavy fastening 
pressure and high load-carrying capacity. Excellent for water and pressure- 
tight sealing. Withstands 70-below temperatures. Engagement latch can be 
varied for different conditions. Comes in three sizes for a wide range of appli- 
cations including instrument cases and storage boxes. 


DUAL-LOCK * Simmons’ newest high-load, positive-locking structural fas- 
tener. Double-acting take-up insures heavy closing pressure with minimum 
pressure on operating tool. Trigger action of puAL-LOcK assures full open and 
closed positions. Can be recessed in panels or surface mounted. Withstands 
7000-Ib. tension. Ideal for military shelters, shipping containers, aircraft cowl- 
ings and sheet metal guards. 
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You'll save time and 
money by using 


SOCKET HEAD 
CAP SCREWS 


ү 


SELF-LOCKING ° 
SOCKET SET 
SCREWS 


LLLA 


| 


ui 


FLAT HEAD 
SOCKET CAP · 
SCREWS e 


DRYSEAL-THREAD , 
PRESSURE PLUGS , 


‚ 


//ffffff 
ААА 


BUTTON HEAD 


Time—because your local 


UNBRAKO distributor 


carries a complete stock of these close tolerance 


fasteners, 


and deliveries are prompt. 


Money— 


because it is possible ia many cases to drill and tap 
fewer holes, use fewer screws, when you fasten 
assemblies with UNBRAKOS. Ask your local UNBRAKO 
distributor for your copy of UNBRAKO Standards. 
SraANpaRD Pnrssep Street Co., Box 954, Jenkintown, Pa. 


UNBRAKO SOCKET SCREW DIVISION 


JENKINTOWN, 


Knurled head for sure finger 
grip and fast assembly 

Accurate hex socket for posi- 
tive nonslip internal wrenching 
Heat treated alloy steel, con- 


Knurled cup point, for posi- 
tive self-locking, won’t work 
loose 

Accurate hex socket for non- 
slip internal wrenching 


Designed for flush head 
assembly of thin section 
materials 

Heat treated alloy steel for 
strength 

Uniform 82° angle under head 
for maximum contact 


Fully formed threads for posi- 
tive sealing without compound 
Heat treated alloy steel for 
strength 

Continuous grain structure for 
stronger threads 


Designed for applications 
where countersinking is not 
practicable 


e Heat treated alloy steel for 


SOCKET SCREWS 


SHOULDER SCREWS ` 
OR STRIPPER BOLTS ` 


PRECISION GROUND ° 
DOWEL PINS  - 


strength 
Low head height for stream- 
lining designs 


Heat treated alloy steel for 
strength 

Knurled head for sure finger 
grip and fast. assembly 
Accurate hex socket for posi- 
tive internal wrenching 


Shoulders held to unusually 
fine tolerances for close fit 


Formed ends, with continuous 
grain flow, won't chip 


Surface hardness, Rockwell 
"C" Scale: 60-62 

Surface finish: 6 microinch 
maximum 

Core hardness, Rockwell '*C"' 


Scale: 50-54 


PENNSYLVANIA 


trolled fillet and continuous 
grain flow for strength 


Fully formed threads— Class 
3A fit 


Standard sizes— 3$ 0 to 114" 


Fully formed threads— Class 
3A fit 

Heat treated 
for strength 
Standard sizes—#4 to 1” 


alloy steel 


Accurate hex socket for posi- 
tive, nonslipinternal wrenching 


Fully formed threads—Class 
3A fit 


Standard sizes—#4 to 34” 


Controlled chamfer for faster 
starting of threads 

Accurate hex socket for non- 
slip internal wrenching 
Standard sizes—!4;" to 114" 
National Pipe Thread Fuel 


Accurate hex socket for non- 
slip drive and freedom from 
marred or mutilated heads 
Fully formed threads— Class 
3A fit 

Standard sizes—#4 through 
3$", inclusive 


Threads and head concentric 
with the body for uniformly 
accurate assembly 

Finished threads close to the 
shoulder for holding power 


Fully formed threads— Class 


3A fit 
Standard sizes— l4" to 


34" 


Average single shear strength: 


150,000 psi 


Diameter tolerance : +0.0001”’ 


2 standards—blue label pins 
.0002” oversize to meet nomi- 
nal press fit requirements; red 
label pins .001” oversize for 
use as repair pins 
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What's special about 


Several things make this nut unusual. 

For instance, you can "stop" it at any position 
on the threaded length of the bolt . . . or 
wrench it tight against the work where it 
protects bolt threads against corrosion and 
prevents liquid leakage. No matter where you 
leave it on the bolt, it will remain tight in 
that exact position, even though you subject it 
to heavy vibration and shock loads. But 

use a wrench on it and it comes off as easily 
as it went on. The red locking collar is 
nondestructive— does not gall bolt threads 

or remove plating. You can remove it and 
re-use it again and again. 


What gives it its grip? Will it hold under ALL conditions? 


The locking principle of the Elastic Stop® nut has been tested 
and proved by over 25 years of actual field service. Elastic Stop 
nuts are used on locomotives . . . and pile drivers. They fasten 
hedge shears and harvesters, drilling rigs and washing machines, 
trucks and roller skates. And no Elastic Stop nut customer has 
ever stopped using them because of unsatisfactory performance. 


What about sizes and materials? 


Elastic Stop nuts are available from a watchmaker’s 0-80 all the 
way to 4"—in materials that include stainless steel, brass, alumi- 
num and other alloys. Protect your product with "fastener in- 
surance." Try Elastic Stop nuts on trouble spots, whether to 
protect expensive heavy equipment from costly downtime or to 
guarantee the accuracy of delicate electrical equipment by main- 
taining precision adjustments. We'll supply. free test samples. 


1 The locking collar is 
unthreaded and elastic. 

It has an inside diameter 
smaller than the major 
diameter of standard bolts. 
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2 The bolt impresses a 
mating thread into the 
collar and the resulting 
compressive forces exert 
a constant friction grip 
on the bolt... . 
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3 and exert a downward — — — — — — — — — — — — — — — — — — шш 2 ا‎ 
thrust bringing the 


lower flanks of the $ | ELASTIC STOP NUT 
— CORPORATION OF AMERICA 


metal to metal contact 
with the matching nut Dept. N82-102, 2330 Vauxhall Road, Union, N. J. 
threads, eliminating 
normal axial play. 
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Please send the following free fastening information 


| 


| 


C] ELASTIC STOP nut bulletin [] Here is a drawing of our product. 
What self-locking fastener would 
you suggest? 
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4 Nut is removable and 
reusable . . . the Red 

Elastic Collar retains 

its grip after repeated usage. 
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PATENTED METAL 


FASTENERS 


Designed and Engineered 
for your particular application 


Delivery geared to your 
production schedule 


Here are important advantages 
why PRESTOLE fasteners reduce 


assembly time and cost: 


3. 


A choice of standard fastener de- 
signs can be obtained from stock. 


. Ability to design new fasteners 
to meet your particular needs. 


. Four-slide equipment to produce 
varied and intricate designs made 


of various types of metals. 


. Production flexibility to meet your 


production schedules. 


. Spring fasteners that provide the 


ultimate in strength with minimum 
cost. 





if this is your 


PROBLEM 


If you need effective, highly 
readable, smartly illustrated 
company literature (booklets, 
pamphlets, manuals) to dis- 

play your products, inform 

the public of your operations, 

attract key personnel to your 

plant, train employees, and perform 
any of the other communicative , 
functions vital to your business . . . 


this Is your 


NOWER 


The McGraw-Hill TECHNICAL 
WRITING SERVICE has a staff 
of more than 150 highly-trained 
writers, editors, and illustration 


specialists whose job it is to create 


У 
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technical and general literature for 
industry. We write, illustrate, de- 
sign, and print Equipment Manuals, 


Product Bulletins, Handbooks, 


For many years PRESTOLE has 
been serving leading manufactur- 


ers with varied types of specialized 


fasteners. This extensive back- 
ground of engineering and manu- 
facturing experience is at your 


disposal. 


Company Histories, Annual Re- 


ports, and other specialized mate- 


rial. Save money and time. Let our 


staff be your staff for Technical and 
Business publications. 


This service is available through ad agencies. 
Let us design and develop "'profit- 
creating” fasteners for you. 


Write « Phone 


TECHNICAL WRITING SERVICE 


McGraw-Hill Book Co., Inc 
330 W. 42nd St., N. Y. 36, N. Y 
LOngacre 4-3000 


Licensed manufacturing in foreign countries. 


PRESTOLE CORPORATION 
1345 MIAMI STREET e TOLEDO 5, OHIO 
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Simplify Fastening and Joining Problems 
with MARMAN CLAMPS and COUPLINGS 


Pictured here are two examples of how 
Marman products are used to solve 
clamping problems in a wide range of 
industrial and aircraft applications. 


On this Shear-Speed shaper (upper pic- 
ture) made by Michigan Tool Co., the 


mechanism below the workholding ram 
is protected by a bellows held firmly in 
position by Marman clamps. Uniform 


pressure is exerted all around the cir- 


cumference, there is no troublesome 
bulge where the clamp is joined. 


On North American's F-100 (lower pic- 


ture) a Marman stainless steel V-band 
coupling joins the fuel line to the filter. 
Utmost simplicity has been achieved 


because the clamp flange has been 


machined right on the Aeroquip hose 
fitting. The Marman “quick coupler” 
latch makes filter change quick and easy. 


Marman clamps and couplings are avail- 
able in many standard sizes and types. 
Special designs can be engineered to 


meet the most unusual requirements. 
Write for complete information. 


Channel bond coupling LIVE joint system Adjustable band clamp Flexible coupling 


A SUBSIDIARY OF 


11214 EXPOSITION BLVD., LOS ANGELES, CALIFORNIA 


MARMAN PRODUCTS ARE MANUFACTURED UNDER VARIOUS U.S. AND FOREIGN PATENTS AND OTHER PATENTS PENDING? 
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SPEED UP THE 
FABRICATING, 
FASTENING AND 
ASSEMBLING OF 
METAL PARTS 
WITH 


WIND ILAUND 


WELDING NUTS! 


Midland Welding Nuts may be the answer to your 
dreams if you're in a business which fabricates, 
fastens, or assembles metal parts—OR, if you're a 
designer of products incorporating such parts. 


Midland Welding Nuts are welded to the parts 
to be worked so that bolts can be turned into them 
speedily—without the need for any device to hold 
them in place. 


They're just the ticket for those hard-to-get-at 
places. And they stay put—will not work loose or 
rattle. 


Relied on by manufacturers the world over—and 
specified universally by product designers—Midland 
Welding Nuts will lower your assembly costs, speed 
up operations all along the line for you. 


Write or phone for complete information! 


The MIDLAND STEEL PRODUCTS COMPANY 


6660 Mt. Elliott Avenue * Detroit 11, Michigan 
Export Department: 38 Pearl St., New York, N. Y. 
Manufacturers of 
Automobile and Truck Frames * Air and Vacuum Power Brakes 
Air and Electro-Pneumatic Door Controls 





Catalogs 
and 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section. 


(S-1) LOCKNUTS AND FASTENERS— 
Catalog, 16 pp, describes various types 
of locknuts. Palnut Co., 61 Cordier St., 
Irvington, N. J. 


(S-2) SCREWS, NUTS, BOLTS, PINS— 
Catalog 155, 33 pp, has dimension 
drawings, tables, giving available sizes 
and types of fastenings. Chicago Screw 
Co., Bellwood, Ill. 


(S-3) BLIND Rivets—Booklet TL-99, 
8 pp, shows how the blind rivets work, 
how they are used in manufacturing, 
maintenance and repair work, and 
provides detailed information оп 
stock items. Townsend Co, New 
Brighton, Pa. 


(S-4) BRAZING—Catalog 925, 24 pp, 
has over twenty tables, drawings and 
photographic illustrations. The sub- 
jects discussed include silver brazing 
procedure, selection of brazing and 
filler metals, design of brazed joints, 
pre-braze cleaning, assembly of brazed 
joints. Air Reduction Sales Co., 60 
E. 42 St, New York 17, N. Y. 


(S-5) Dre CAstT FASTENERS—Bulle- 
tin, 4 pp, contains illustrations of each 
type of fastener, diagrams with com- 
plete specifications and lists of stock 
sizes to facilitate selection of the right 
size and type of fastener. Gries Repro- 
ducer Corp., 400 Beechwood Ave., 
New Rochelle, N. Y. 


(S-6) STAINLESS STEEL FASTEN- 
INGS SPECIFICATIONS—Chart, 2 pp, 
gives latest specifications applying to 
U. S. Military, U. S. Army-Navy Aero- 
nautical, U. S. Navy, U. S. Army and 
Federal requirements. Star Stainless 
Screw Co., 195 Union Ave., Paterson 
2,N. J. 
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Of culling production costs! 


THESE HANDS are about to preplace a ring 
of EASY-FLO low-temperature silver braz- 
ing alloy on a machined part preparatory 
to heating and joining the part to another. 
And how does this simple act cut produc- 


tion costs? 
Well, here’s how: 


Preplacing EASY-FLO is the key factor in 
a method of joining metals that reduces 
brazing to push-button simplicity and as- 
sures a steady stream of soundly brazed 
parts—with easily trained labor doing the 
whole job. 


The reduction in time and labor-— plus the 
savings in heat due to EASY-FLO's low 
brazing temperature—bring brazing costs 
down to surprisingly low figures. 


Design these savings 
into your products 


You can do this by designing your metal 
products for EASY-FLO brazed construc- 
tion—a construction that lends itself readily 
to alloy preplacement methods. We offer 
you full engineering cooperation — without 
obligation. 


BULLETIN 20 tells all about EASY-FLO and a number of other 
Handy & Harman low-temperature silver brazing alloys, all of which 
are available in ring, washer shim and special forms for preplacement 


jobs. Write for a copy. 


HANDY & HARMAN 


OFFICES and PLANTS 


BRIDGEPORT, CONN, 
Y HARMAN <: 
CHICAGO, ILL. 


ORIGINATORS OF CLEVELAND, OHIO 
EASY-FLO & : DETROIT, MICH. 


— General Offices: 82 Fulton St., New York 38, NM. Y. LOS ANGELES, CALIF. 


TORONTO, CANADA 


DISTRIBUTORS IN PRINCIPAL CITIES эин 
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OHIO WELD FASTENERS 


FOR APPLICATION 
BY PROJECTION WELDING 


GW SCREWS—Used where 
design requires a smooth un- 
marred surface and a fastener 
permanently fixed in place. 


WS NUTS—For applications on 
rugged assemblies where it is 
necessary to anchor nut securely 
in blind location. 


PN NUTS—Used where a 
pilot for easy locating, a strong 
weld and space limitations are 
important factors. 


HW SCREWS—Used where a 
self-locating through bolt is 
required to be fixed securely in 
place so that it will not turn 
and a flush surface is required 
for attaching mating parts. 


FOR APPLICATION 
BY SPOT WELDING 


SS SCREWS—Used where a 
screw with narrow head is re- 
quired to be spot welded in 
place. 


SN NUTS—Used where assem- 
blies are being spot welded 
together and there is a require- 
ment for spot welding nuts in 
place. 


ND NUTS—Used where a large 
nut is needed for bridging or 
joining two sheets or for extra 
strength. 


KL PINS—Used where a key- 
hole pin for locking mating 
parts in place is required to be 
spot welded in place. 


OHIO offers . . . over 400 stock parts . . . shipment same 
day orders received . . . recommended weld set-ups and 
technical engineering assistance on request . . , indestruc- 
tible welds guaranteed on every part because of special 


design and materials used. 


Write today for FREE samples and 
NEW 32-Page Catalog 
Our 50th Anniversary (1905-1955) 


THE OHIO NUT AND BOLT COMPANY 


Specialists in the Manaufacture of Weld Fasteners and Adjusting Screws 


41 FIRST AVENUE 


G50 


BEREA, OHIO 





Catalogs and Bulletins continued 


(S-7) SLOTTED HEAD, SELF-LOCKING 
BOLTS— Brochure, 4 pp, explains de- 
sign and properties of bolts and pro- 
vides a guide chart for average appli- 
cations. Cleveland Ca» Screw Co., 
2917 E. 79 St., Cleveland 4, Ohio. 


(5-8) SPRING LOCK W ASHERS—Bro- 
chure, 16 pp, discusses engineering 
principles and provides cross-sectional 
drawings, curves, tables, standard spec- 
ifications. Spring Washer Institute, 74 
Trinity PL, New York 6, N. Y. 


(S-9) SockET ScREWs— Bulletins 898 
and 899, 20 pp each, provide tables of 
nominal sizes, basic dimensions and 
tolerances of the American standards 
for screw threads, as well as engineer- 
ing data and specific application in- 
formation for each type of screw. In- 
formation is given on socket set and 
cap screws (stripper bolts), as well 
as screws of special shapes, sizes, and 
materials. Bristol Co., Waterbury 20, 
Conn. 


(S-10) ExPLosivE RivETS— Catalog, 
28, pp, gives available materials, sizes, 
properties. E. I. duPont de Nemours 
& Co., Inc., Wilmington 98, Del. 


(S-11) ALUMINUM FASTENERS — 
Booklet, 8 pp. Included are bolts, 
screws, binding posts, rivets, washers, 
knobs, nails and license plate fasteners. 
Aluminum Co. of America, 755 Alcoa 


Bldg., Pittsburgh 19, Pa. 


(S-12) FASTENERS WITH PRE-ASSEM- 
BLED WASHER—Brochure TL97, 4 pp, 
shows in cross-section how the neo- 
prene washer flows under pressure to 
conform with concave and convex sur- 
faces to provide air and water-tight 
seal. Townsend Co., New Brighton, Pa. 


(S-13) Screw INSERTS — Bulletin 
715-A, 4 pp, contains selection tables, 
line drawings showing proper installa- 
tion in blind and through holes. Heli- 
Coil Corp., Danbury, Conn. 


(S-14) FASTENERS—Booklet, 14 pp, 
provides dimensional drawings, tables 
which describe weld-nuts, pipe plugs, 
clinch nuts, hex nuts. Decker Mfg. 
Co., Albion, Mich. 


(S-15) Lock Nuts—Booklet, 8 pp, 
contains tables, descriptions of vari- 
ous types of these fastenings. MacLean- 
Fogg Lock Nut Co., 55 N. Wolcutt 
Ave., Chicago 40, Ill. 
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Top Quality Fasteners 


z 


TILT T T 


Standard Types—always ready for you 

Standard Cap Screw types, Set Screws and Milled Studs of highest 
quality have been CleCap’s specialty for forty years. Designers 
and production men recognize the advantages and economies in 
using these well-made products for dependable speedy assembly. 


Available in ferrous and non-ferrous metals: bright, high carbon 
and alloy steels—heat treated, brass, silicon bronze, aluminum 
and stainless steel. 


Hex Head Cap Screws: '4"to 2!"dia. Milled Studs: 4” to 144” dia. 


Sede Mon бр m Place Bolts: 4” to 144” dia. 
ain and Knurled: 14” to ia. ; 
Also Flat and Button Head Styles. Structural Bolts to ASTM Specifica- 


Flat Head Cap Screws: !4" to 1" dia. tion A325 

Fillister Head: 14” to 1” dia. Tractor Bolts 

Set Screws— Square Head: 14” to 1⁄4” Facilities to make larger diameters 
dia. than listed. 


Write the factory or ask your jobber for CleCap Fasteners. 


Special Types —fo your design and "specs" 


It just might pay you to take a good look at the special parts youre 
buying that could be made more economically by CleCap’s hot 
heading or cold extrusion processes. 


CleCap pre-forms your non-standard parts for further shaping 
and machining in your plant or manufactures them complete, 
ready for your assembly line. 


You can save yourself tooling and machine time. Take a look at 
what CleCap offers—engineering skill and experience in applying 
high production methods and machines to your problems. Write 
for folder, “Specials by Specialists.” 


The Cleveland Cap Screw Company 


2945 East 79th Street * Cleveland 4, Ohio * VUlIcan 3-3700 TWX CV42 
Warehouses: Chicago + Philadelphia + New York + Providence + Los Angeles 
Sales Representatives in All Principal Cities 


Originators of the Kaufman юз Process 
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New 
High Performance 
Fastener 
EXCEEDS ULTIMATE 
TENSILE and SHEAR 
LOADS OF WAS 547 


New PANELOC High Performance 
Aircraft Fastener Carries Primary 
Structural Loads in Shear and 
Tension with Minimum Deflection 
and Minimum Sheet Separation. 


inner receptacle member 


outer receptacle member Lm | retaining ring 


floating housing a shear washer 


Patented and Patent Applied For 


Announcing high strength, quick release, rotary type fastener 
for advanced aircraft designs. Available in stud-retained and 
curvature adaptable types, in sizes 1 & 2 with full float as 
specified by NAS 547. Opens and closes with quarter turn, stud 
ejection shows unlocked condition. Easily pressure sealed. 
Adjustable for sheet pick-up in accordance with NAS 547, thus 
simplifying stud inventory. Catalog and price list belong in your 
file. Send request today. 


PANELOC ...America’s 


rsatile line of aircraf БЛ em Ls Qo 
wet ЖЫТ ТОТ ATs OS 


ance Fasteners, Styles 1, 2, & 
3 Panel Fasteners, Rotary 
Latches, and Snap Fasteners. Fill in Coupon or Write Letter for Catalogs 


Styles 1 & 2 Style 3 Rotary Latch Snap Fasteners 


Scovill Manufacturing Company, Aircraft Fastener Div. 
49 Mill Street, Waterbury 20, Connecticut 
Please send me fastener catalogs checked: 
( ) High Performance (NAS 547) ( ) Style 3 (MIL-F-5591A) 
( ) Styles 1 & 2 (MIL-F-5591A) (. ) Rotary Letch 
( ) Snap Fasteners (AN227) 
Send to: 
Name. кошеси D 


Company. 


Address. 











Catalogs and Bulletins continued 


(S-16) THRUST WASHERS— Bulletin, 
2 pp, describes nylon washers for fhp 
motors and provides dimensions and 
prices. Cosmo Plastics Co., 3239 W. 
14 St., Cleveland, Ohio. 


(S-17) FASTENERS—Catalog 58, 12 
pp, has information on special rivets, 
nails, screws, and small parts manu- 
factured by cold heading. John Hassall, 
Inc., Westbury, N. Y. 


(S-18) THREADED FASTENERS—Cata- 
log, 32 pp, includes socket screw prod- 
ucts, socket head cap screws, self-lock- 
ing set screws, shoulder screws, flat 
head socket cap screws, button head 
socket screws, square head set screws, 
pressure plugs, grourid dowel pins and 
socket screw keys. Tables detail di- 
mensions of each product. Standard 
Pressed Steel Co., Box 545, Jenkin- 
town, Pa. 


(S-19) CLAMPS, BRACKETS, CLIPS— 
Manual 201G, 60 pp, contains dimen- 
sions, properties engineering drawings 
of fastening devices and related items. 
Thomas Associates, 4607 Alger St., 
Los Angeles 39, Calif. 


(S-20) STEEL HANDLES AND CLIPS— 
Handbook, 20 pp, contains full-size 
illustrations of 73 different styles and 
types of standard handles and clips, 
and provides information and sugges- 
tions concerning the design or pur- 
chase of handles. Also included is a 
wire size chart showing actual diam- 
eters of standard wire gauges. E. H. 
Titchener & Co., Binghamton, N. Y. 


(S-21) FLUXLEss SOLDERING—Book- 
let, 6 pp, describes new ultrasonic sol- 
dering process and equipment. Some 
technical data included. Aeroproducts, 
Inc., West Chester, Pa. 


(S-22) FASTENERS—Booklet, 12 pp, 
is made up of case history briefs, de- 
scribing the designing and making of 
fastenings and special headed parts. 
National Screw & Mfg. Co., Cleveland 
14, Ohio. 


(S-23) WiRE THREAD INSERTS—Bul- 
letin 708, 4 pp, twenty illustrations 
and five tables present data and instal- 
lations on inserts and tools for Na- 
tional Coarse and Fine, Unified Coarse 
and Fine, Spark Plug and Pipe Thread 
series. Inserts are listed in sizes from 
No. 4 through 14 in. dia. Heli-Coil 
Corp., Danbury, Conn. 
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these famous names 


FASTEN IT 
and FORGET 


with 


INDUSTRIAL FA 


Vibration, twisting, impact —when you fasten 
it with EVERLOCK lock washers you can forget all 
these enemies of your product. That’s because 
EVERLOCK lock washers are different-—have 
alternating chisel edges that bite into the face of 
both work and screw under powerful spring 
tension. They just won't let go. 


EVERLOCK lock washers are available in standard 
types or to your own specifications. Ask us about 
them now—so that next time you order lock fasten- 

ers you'll be in a position to specify EVERLOCK. 
More and more quality manufacturers do. 
THOMPSON-BREMER & CO. 

Dept. H. 520 N, Dearborn Street, Chicago 10, Ill. 
Subsidiary of AMERICAN MACHINE & FOUNDRY 
COMPANY, New York 


YOUR LOCAL 


GET ‚(оеп SERVICE FROM 


veto. REPRESENTATIVE Lock Washers Sems Spin-down Terminals 


Lock Nuts 
Kenneth D. Delaney W. L. Barth, Jr. Richard C. Dudek 


Dayton 3, Ohio Chicago 34, III. Beverly Hills, Calif. FREE CATALOG! 
Oscar P. Martin C. W. McNeil P. L. Robertson : am и 
Lakewood 7, Ohio Houston, Texas Milton, Ont. Can. Comprehensive, complete. Your “bible” for the best in 


J. Ramsey Reese, Inc. Leonard F. Berg Sam T. Gleaves lock fasteners. Mail the coupon for your free copy. 
New York 7, N.Y. St. Paul 14, Minn. Louisville 5, Ky. 


J. M. Murphy Thom Lundeen J. J. Mcintosh 
Manchester, Conn. Moline, Illinois Atlanta 6, Ga. 


Russell T. Brosius Forrest Moschner Donald G. Teeling 
Philadelphia 3, Pa. St. Lovis, Missouri Indianapolis 44, Ind. 


Sam T. Keller A. J. Murphy Oregon Indus. Factors 
Detroit 1. Mich. DeWitt, N.Y. Portland 1, Oregon 


2 Ма 
ne 


INDUSTRIAL FASTENERS 


— ee der Er) 


THOMPSON-BREMER & CO. 
Dept. H, 520 N. Dearborn St., Chicago 10, Ill. 


Send me your catalog of EVERLOCK Industrial Fasteners. 
NAME 
COMPANY 


a эчерә 
CRY eee 


m- 
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PRODUCT DESIGN-ENGINEERS 
Here’s an 


Important | LOW-COST LOCK NUTS 
Sowo | TUE 


For y OU PALNUT Lock Nuts cost less than plain 
L| ү 1 
"ti j 


nuts—lock as they tighten—elimi- 
nate lockwashers—speed up assem- 
bly—save space an J Also 
types that eliminate flat washers, 
threading, notching and cotter pins. 
Check all your nut-and-screw assem- 


° А | К blies - h vi d : 
BEC Experiences Designers qu NUT рте ааа 


of your application for free samples 


Work With You in Creating | MRL ое оноо сов оз 


The PALNUT Company 
Smart, Modern Hardware EERE 1 =© р 65A Cordier St., Irvington 11, N. J. 


Engineered to Cost You Less | хе? E PALNUT 
a — 


LOCK NUTS. 





National Lock design engineers are specialists 


in creating distinctive hardware to meet your 





individual requirements. With an extensive 
background in materials and production tech- 
niques, they can help you secure more for your 
dollar investment. These National Lock stylists 
will work independently or in cooperation 


with your own designers. This service covers 
a wide range of items, including zinc die cast, 


aluminum die cast, stampings, plastics in both V Ө ee 
compression and injection molding. Write us | ELIMINATES cn CUTS COSTS 


for full information on how we can serve you. | WASHERS & WRENCHES SPEEDS ASSEMBLY 


. : High-quality, low-cost nut is made of spring-tempered high 
Пе. Abate, carbon steel. Has cut threads and a flange with turned-down 
corners which bite into material to which applied. Spring flange 


is deflected during tightening for vibration-proof assembly. Used 


by leading manufacturers. Available in sizes 6-32 thru 10-32. 
all from source || Other sizes in process. 


P-M “ROLL FREE” 
REFRIGERATOR HARDWARE DRAWN STEEL STUD 


CABINET HARDWARE | Low-cost “Roll — studs nme —— — 
over solid studs for most roller mounting. Smoot 
STOVE HARDWARE | surface reduces friction for easier rolling, longer 
life. Standard sizes or to your specifications. For 


FURNITURE TRIM additional savings, ask us about pre-assembled studs 


and rollers. 


CASTERS BOLTS HANDLES | Write for FREE Literature and Samples 
KNOBS SCREWS HINGES 
P-M Division 


NATIONAL LocK company H THE WATERBURY PRESSED METAL CO. 


DRAWN SHELLS »* SECONDARY OPERATIONS Lf ASSEMBLING 


ROCKFORD, ILLINOIS 300 CHASE AVE. € WATERBURY 14, CONN. 
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€ withstand shock and vibration 


Quarter-Turn Fasteners 


To get to the heart of the 
problem fast a quarter 


Ы € 
e save production time 
turn of this popular o simplity installation 


fastener is all it 
takes. Access panels, 
doors, other closures 


e ease maintenance 
open fast, close 
fast, hold fast! 


€ add product appeal 
SPF (Stressed Panel Fasteners) 


This compact, light ; Camloc's quarter-turn fasteners, SPF (Stressed Panel 


weight, versatile 


rm an Mere a o RR Fasteners), and Electronic Chassis Latches offer the 
weight in design and original equipment manufacturer many advantages 
hours of maintenance time. 


For highly-stressed panels in design and production. Camloc fastening devices not 


carrying structural loads. only speed up maintenance and service of operating 
Takes less than a turn 


to operate... has low equipment by providing quicker accessibility to vital 
deflection under load... components, but also affect production line economies 
continuous thread 


engagement... overcomes during fabrication . .. They install easily and quickly, 
n. permit greater tolerances between sheets and support 
long torque life. 


heavy loads without binding. The finished job will with- 
stand severe shock and vibration . . . have greater cus- 
tomer appeal! 


Electronic Chassis Latch 


Our engineering department will be pleased to 
Inexpensive, vibration-proof Chassis - 1 : C loc f. d 
Latch of attractive design work with you in fitting Camloc fasteners an 


eliminates protruding attaching latches to your product needs. Detailed 
bolts and hole preparation... 


catalog inforrnation sent on request. 
Opens and closes easily...pro- - 
vides leverage to jack drawer in 
and out...working load—400 Ibs. 


FASTENER CORPORATION 


62 Spring Valley Road, Paramus, N. J. 
WEST COAST OFFICE: 5410 WILSHIRE BLVD... LOS ANGELES, CAL. 


^b 
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WHAT’S YOUR CLAMPING PROBLEM? 


WITTEK 
HAS THE ANSWER 


Here is a selec.ion from among the 
many different types and sizes of hose 
clamps designed and manufactured by 
WiTTEK. Whatever the hose connect- 
ing problem, it’s a safe bet that WITTEK 
(leader for over a quarter century) has 
the exact type and size clamp to do the 
job right! Let WITTEK help solve your 
clamping problems. Write today. 


Catalogs and Bulletins continued 


(S-24) SOLDERS—Booklet, 8 pp, gives 
sizes, compositions, melting points 
and other information on cored solder 
wire, preforms, solid solder, fluxes. 
Enthoven Solders, Ltd., 89 Upper 
Thames St., London E. C. 4, England. 


(S-25) ALLOYS FOR ANCHORING 
NON-MoviNG PARTS— Bulletin, Á pp, 
tells how expanding, low-melting-point 
alloys such as bismuth-lead-tin can be 
used to anchor such parts as bearings, 
bushings and other non-moving com- 
ponents in machinery, jigs, workhold- 
ers. Cerro de Pasco Corp., 40 Wall St., 
New York 5, N. Y. 


(S-26) SoLDERS—Booklet, 80 pp, dis- 
cusses nature of solders, fluxes, flux- 
core solders, design and application 
considerations. Kester Solder Co., 4201 
Wrightwood Ave., Chicago 39, Ш. 


(S-27) NYLON FASTENINGS—Folder, 
4 pp, contains information on proper- 
ties and details of construction of all- 
nylon fastenings. Anti-Corrosive Metal 
Products Co., Inc., Castleton-on-Hud- 
son, N. Y. 


(S-28) DouBLE-HEX NutT— Bro- 
chure, 12 pp, describes new 12-pointer 
nut. Sizes, styles, weights, engineering 
data and prices are included. National 
Machine Products Co., 44225 Utica 
Road, Utica, Mich. 


(S-29) GROMMETS—Brochure, 16 pp, 
lists materials and types of grommets 
available in 34 basic sizes, each size 
available with 4¢, 6, 34 «4 апа М in. 
groove widths and the 34 sizes in the 
web type with 4¢ in. groove width. 
Goshen Rubber Co., Inc., Goshen, Ind. 


(S-30) TUBE SHIELDS, HOLDERS, 
Cirps—Bulletins (3), 2 pp each, give 
dimensions and other data. Staver Co., 


Bay Shore, N. Y. 


(S-31) AIRCRAFT LOCKNUTS—Cata- 
log, 60 pp, describes different types 
of aircraft lock nuts available to meet 
particular specifications needed by the 
aviation and allied industries. In ad- 
dition, information is included on a 
new type of tapped hole and self-lock- 
ing insert. These provide reusable 
threads in blind holes and are specif- 
ically engineered for use in thin sec- 
tions of steel or aluminum or thick 


sections of plastics, castings or wood. 
Boots Aircraft Nut Corp., Norwalk, 
Conn. 


WITTEK MANUFACTURING COMPANY e 
4338 West 24th Place « Chicago 23, lllinois ; 
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SPECIAL RIVETS 
Let us quote you on your special rivet requirements. A spe- 
What is COLD HEADING? cial rivet will do a better fastening job on your assembly, 
. possibly improve the quality of the assembly, and lower 
your parts and assembly cost. 
Sometimes it’s called cold forging. Cold 


Heading is a method of producing special m [EN 
forms from coiled wire. These forms may БО —== = 


Wi 
be rivets, studs, hinge pins, screw blanks, Jj н Шү... 
and other shapes and forms requiring qual- = ШТ E 
САА Im 
—= 


ity, strength and economy. 


Advantages of COLD HEADING аа 


= 


1. Lower cost of raw material SPECIAL THREADED PARTS 
The accompanying illustrations show types of special 


2. Better structural strength of finished threaded parts Hassall has made to order. Often new de- 
" signs or added features are suggested by Hassall to im- 


part prove the function of threaded parts or to lower cost. 
We suggest that you write us regarding your particular 
3. High speed production problem. We may be able to help you. 


4. No scrap loss 


HELPFUL 
INFORMATION 


1. Large decimal equivalent 
wall chart 


2. Our big catalog 


Either one or both are yours 
for the asking. 


SPECIAL NAILS 


A nail sps -ifically designed for your needs is sound econ- 
omy if its use improves your product. Special heads, points, 
collars, diameters, barbing, threading, metals and finishes 
may make a nail do a better job in your assembly. Send a 


description or sketch. We will gladly send our quotations 
JOHN HASSALL, INC. or recommendations promptly. 


: We are, of course, equipped to do all secondary opera- 
i E P. O. Box 2233H (eum) tions such as fluting, knurling, swaging, slotting, rehead- 


: ^ e ing, threading, drilling and plating. 
Hassall Westbury, Long Island, N. Y. We work in any metal and whether your run is large or 
small, ask for a quotation. 
ESTABLISHED 1850 
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BANC-LOK 


THE FASTENER 
FOR "DIFFICULT" on the 


MATERIALS! 
С 


A | ка VY | 
VRB) part of busi 
= part of your business 
T 
2 A Y — А Mi AT YOUR FINGER TIPS, issue after issue, 
Ж, 2 | 


How to keep informed 


“| is one of your richest veins of 
EL کے‎ job information — advertising. 
You might call it the “with what” type — 
| which dovetails the “how” of the editorial pages. 
BANC-LOK . . . ENGINEERED BY BOOTS FOR PLASTICS, Easy to read, talking your language, geared 
DIE CASTINGS, ALL SOFTER MATERIALS. specifically to the betterment of 
| your business, this is the kind of practical 
data which may well help you do a 
job quicker, better — save your company money. 


Each advertiser is obviously doing 

his level best to give you helpful information. 
By showing, through the advertising pages, 
how his product or service can benefit you 
and your company, he is taking his most 
efficient way toward a sale. 


Add up all the advertisers and you've got 
a gold mine of current, on-the-job information. 
T BANC-LOK . . . ENGINEERED BY BOOTS FOR SHEET Yours for the reading are a wealth of data 
ҮЙ MATERIALS OF ALL KINDS. and facts on the very latest in products, 
services, tools . . . product developments, 


Banc-Lok designs have been extensively proven . . . are easy | NUN proosesen, methode. 


to install, simply push into round hole — no special tools | You, too, have a big stake in the 
required. Banc-Lok alone provides vibration resistant, self- | advertising pages. Read them regularly, 
locking action in a complete line of inserts. | carefully to keep job-informed on the 


| “wi " f iness. 
Boots Banc-Lok engineers are always available for consulta- wi what” part of your business 


tion on all fastening problems. Write for catalog sheets and 
test sample package of Banc-Lok inserts. | 


BANC-LOK CUTS ASSEMBLY COST | McGRAW-HILL 


Patented. Patents Pending. 


«ай BO OTS PUBLICATIONS 


AIRCRAFT NUT CORPORATION 





BANC-LOK DIVISION 534 NEWTOWN TURNPIKE - NORWALK, CONNECTICUT 
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up to 10 TIMES 
. FASTER APPLICATION 


with this Special Unit! 


One of the more than 30 Set Screw Ideas 
in the SETKO Jewel Case 


NEW HOPPER-FED 
SET SCREWS 


Socket or Slotted. For almost any Set Screw Application 


The solution to speeding up set screw operations. Requires 1/5 to 1/10 
the time of former methods. Works equally well with all metals and 

with plastic products or parts. "Human" problems such as 

floor loss and cross-threading reduced to a minimum. Screw 


diameter automatically inspected and misfits rejected, by special 
Ms | — Vibrating Hopper 
mechanism* shown at right. Mail in coupon for free 2— Positioning Roller 


demonstration that does not obligate you in any way. йэш манылы 


Check "Hopper-Fed Demonstration.” Co. 8 
Also for samples of H r-Fed and Set Screw & Mfg. Co., Bartlett, Illinois. 
è . J 4 t t i P о opper-Fe 
ot, Mo. 2/130,945; eher potente pending 30 other different kinds of Set Screws, t am interested in item checked; without cost or 
Check "Jewel Case" and we will send it obligation, send me full details. 


to youven loan, without cost or obliga- { ) “Hopper-Fed’ ( ) “Jewel Case” of 
4^ tion. If you need more space, write in Demonstration Set Screw Ideas 
margin of page. 
SIGNED 


Cre oe 153 Main Street е Bartlett, Illinois COMPANY NAME 


(Chicago Suburb; 


" £ MI fg. Co. A ADDRESS 


We specialize in Solving Puzzling Set Screw Problems am 
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COLD-HEADED “SPECIALS” 


pts LLLLLLLLLLELLLLLLLELLLLLL 


"PRISON SCREWS" 


If the title "prison screw" seems strange to you, the 
explanation is that the extended driver head breaks 
off when the screw is driven home — thus dis- 
couraging removal. The other “specials” illustrate 
a variety of the forming operations available at 
ELCO — heading, necking, serrating, thickening, 
flanging, chamfering, roll threading, and many 
others. ELCO facilities also include an Engineering 
Service that will help you design — or re-design — 
your special screws and similar pieces for lowest- 
cost manufacture. Always consult your ELCO repre- 
sentative. 


ELCO PRODUCTS 


PIPE PLUGS 

STOVE BOLTS 
CAP SCREWS 
LAG SCREWS 


WOOD SCREWS 
MACHINE SCREWS 
MACHINE SCREW NUTS 
TAPPING SCREWS 
THREAD-CUTTING SCREWS DRIVE SCREWS 
PHILLIPS AND SEMS SPECIAL SCREWS 

SCREWS COLD HEADED PRODUCTS 


ELCO "22% SCREW CORPORATION 
1958 BROADWAY, ROCKFORD, ILLINOIS 








Л FASTER 
ASSEMBLY = 


LOWER 


и PING 


DRIV-LOK Pins are responsible for 
great economies and product 
improvement in thousands of ap- 
plications. For machinery, finished 
products, components and sub-assem- 
blies, DRIV-LOK Pins offer definite 
advantages in time, labor and cost 
savings. We can help you better if 
you will write, giving us the nature of 
your problem. Catalog and Samples 
sent without obligation. 


e) Dmm 
a type for | | \ 
every need. 5 LI | 


Type A Type B Type C Type D Type E 
Also Types F and G 


7 
WRITE FOR DRIV- LOK PIN COMPANY 
CATALOG 713 Chauncy Street Sycamore, Illinois 


POSITIVE 
ANCHORING 


won t come 


for greater ECONOMY 
... for greater 
SAFETY ! 


specify quick release 


Liean design and simple operation assure the 
perfect function of Harley Quick Release Lock 
Pins at all times. The locking plunger and 
silicone rubber activating core will work in 
—100° to +-500° F. and are impervious to 
weather, moisture, oils, alkalies and most acids. 
Made of high tensile steel, Harley Quick Re- 
lease Lock Pins are extremely durable though 
light in weight, and have been used in British 
aircraft for over three years without a single 
case of failure or corrosion! 

Harley Quick Release Lock Pins are available 
in over sixty different standard sizes, and can 
be fabricated to special sizes on order. 


Write for illustrated literature. 
SPECIALISTS IN QUICK-RELEASE FASTENERS 


PATENTS,INC. 


607 FIFTHY AVENUE NEW YORK I7, N. Y. 
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Catalogs and Bulletins continued 


(S-32) SPRING PiNs—Folder, 4 pp. 
Typical applications pictured are cs 
axles in caster assemblies, as keys in 
gear assemblies, as lock pins in doo: 
handles, as hinge pins, as fasteners 
holding laminated sections together, as 
stop pins and as cotter pins. Dimen- 
sions of standard and light-duty spring 
pins, their shear strength and recom- 
mended minimum and maximum hole 
sizes are also given. Standard Pressed 
Steel Co., Jenkintown, Pa. 


(S-33) ELECTRICAL CONTACT RIVETS 
—Slide chart permits user to select for 
a given rivet head diameter, maximum 
and minimum dimensions for head 
thickness, shank diameter and shank 
length. When designs are kept within 
the dimensions and tolerances indi- 
cated in the chart, the contact rivets 
can be produced rapidly and econom- 
ically on automatic heading machines. 
Fansteel Metallurgical Corp., N. Chi- 
cago, Ill. 


(S-34) WELDED CHAIN—Bulletin B, 
16 pp. Gives working load limits, 
material diameter, link sizes, finishes, 
specify welded chains for all types of 
applications. Both fire welded and 
electric welded chains made from low 
carbon steel, high carbon steel and 
alloy steel in the standard types and 
sizes are included. McKay Co, 329 
McKay Building, Pittsburgh 22, Pa. 


(S-35) ADHESIVES, COATINGS, SEAL- 
ERS—Booklet, 12 pp, lists adhesives, 
coatings and sealers meeting govern- 
ment and armed forces specification 
requirements. In addition, a specifica- 
tion cross reference table shows the 
current specification number along 
with the specification that it super- 
sedes, to assist those who may be more 
familiar with the old specification 
numbers. A short description of the 
end use is listed with each specification 
and, in many instances, a choice of 
this company's products is given. Min- 
nesota Mining and Mfg. Co, 423 
Piquette Ave., Detroit 2, Mich. 


(S-36) WiRE ROPE ASSEMBLIES— 
Catalog TL 500, 24 pp, gives informa- 
tion on terminals and fittings to fit 
various wire rope diameters. Also in- 
cluded are part materials, thread types, 
minimum assembly length and rope 
breaking strengths. American Chain & 
Cable Company, Inc., Wilkes-Barre, 
Pa. 


Product Engineering — Mid-October, 1955 








ar 


rrr, 


| 


Whether you are traveling through space at 
super-sonic speeds . . . enjoying a Sunday drive 
with the family . . . or harvesting the crops . . . 
life can depend on the precision of a thread. 


Chandler, as a leading manufacturer of fasteners, 
specializes in precision products only. 

Chandler fasteners are manufactured to the 
highest standards of uniformity. 


The spider isn't the only creature whose life 
depends on a thread. Because of the tremendous 
demands made on today's machines, 

Chandler pays particular attention to the threads 
of every fastener. In fact, Chandler specializes 

in thread rolling after heat treating. 


industrial re 

specify cold 

fasteners by 

CHANDLER 

Write today for catalog 


E 
қ 
5 1460 Chardon Road, Cleveland 17, Ohio 


LIFE can depend 
on the precision 
of a “thread 


Сы 





COMPLETE 
LINE 


IN ANY SIZE 


«р 


IN ANY QUANTITY 


esfrom a package 
te @ carload 


и" 
x 
p 
P 
5 
E 
—— 
— 
— 
— 
— 


Our maintaining such large 

Stocks of all 4000 items means lower costs to 
you because no large inventories are needed, 
service is faster. Our better methods of manu- 
facture produce a higher quality product. 
Good reasons why so many industrial users in 
the last 83 years have come to specify “Chicago” 
Screws. 

Service-Conscious Industrial Supply Dis- 
tributors EVERYWHERE carry complete 
Stocks of 'Chicago" Products. To speed de- 
livery time, call the one nearest you. 


— 
ааа 
L o 
406 | 


7c CHICAGO 
SCREW COMPANY 


* Square Head Dog Point Set Screws 
© Dowel Pins © Hexagon Keys and Key 
Screws in Stainiess. 








Simple as 1-2 For Many Uses 
Low Cost Too! 


J Groove 
RAL ищи 
of ta 


No Tapping 


COST REDUCERS 


Use this Gillen Groove Pin for 
faster assemblies, better appear- 
ance. Three grooves compress 
for tight fit. Will not loosen from 
vibration. Simple, Strong, 
Speedy, Re-usable. Stocked 
many Lengths and Diameters. 
Ask for Sample, Specify Size. They Hold Fast 


Write for Size and Price List 
Gillen Groove Pins 


M 
Taper Pins Machine Keys & Parts 
2548 South 50th Ave. They Look Better 
Cicero 50, Illinois 


WHOOT MON! 


You really get your money's worth 
when you buy precision screw 
machine products made by you 
know W.H.O.* 


CAP SCREWS * COUPLING BOLTS 
SET SCREWS * MILLED STUDS 


. our specialty. 


BEES abot 


Product Engineering 


Product Engineering is the only 


paid-circulation magazine serving 


design engineers. 
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whatever fA 
your 


publication needs... 


Equipment Manuals — Product Cata- 
logs — Handbooks — Training Aids — 
Industrial Relations Literature — Pro- 
cedural Guides — Engineering 
Presentations — — — and any type of 
technical literature 


use our speciglists in — — — 
WRITING ... EDITING 
ILLUSTRATING .. . PRINTING 


McGRAW-HILL 
Technical Writing Service* 


330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 
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BRASS AND ALUMINUM NUTS 


Price, quality, delivery, technical assistance . . . any way you look at it 
. .. you can count on complete satisfaction if you specify “Fischer 
Turned” brass and aluminum nuts. 

Standard or “specials”, Fischer turned nuts cost no more than those 
produced by other, less accurate methods, yet each is burrless . . . tapped 
square with the face to Class 2 tolerances . . . 


cleaned and degreased . . . countersunk 
on both sides. 


Write today for complete catalog. 


FISCHER SPECIAL MFG CO 


SPECIAL MFG. CO. F 


Sy 
"ми ду. 9 
492 Morgan St. * Cincinnati 6, Ohio ' С-234-Р$ 
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use these 


GRIPCO CLINCH NUTS 


with the exclusive 


hex on ftex 


feature 


for “fixed” fastenings for “hard- 
to-reach' or blind assemblies. 
They wear longer, hold tighter, 
give greater customer satisfaction. 


See how leading appliance manufac- 


turers get lower cost fasteners into 
inaccessible places. 


Nut Nut حا‎ Nut & 
Clinched Staked-in Hex Hole Be- 
Solid To Float fore Clinching 


Spanner-Head Screws That Stay Put 


Wood screws, metal screws and machine screws, in 
all standard heads, metals and sizes, available from 
stock. This scientifically designed Atlas spanner- 
head makes these fastenings ideal for a wide variety 
of uses, on vending machines, radio and television 
sets and other products. @ Drivers can be supplied 
inexpensively. 


Gripco Clinch Nuts can be either 
clinched solid for a rigid application or 
staked in with a six point staking 
punch to give a floating effect. This 
floating effect takes care of misalign- 
ment and makes the application of 
the bolt easier. Gripco clinch nuts can 
be clinched or staked with stationary 


or portable hydraulic or air equipment. 
Details on request. Write for samples d. - i 

and date chest. See © Also a complete line of bolts, nuts, WRITE FOR FREE 

XH laf. screws and washers. All sizes...all CATALOG 

metals...standards and specials. OF STANDARD 


GRIPCO Pilot Pro- | or GRIPCO Coun- . PRODUCTS 


jection Weld Nuts 
Circular pilot accurately 
positions nut in the bolt 
hole, for resistance 
a | welding No jigs neces- 
Wy sary Two pilot heights 


tersink Weld Nuts 


The special counter- 
sink feature eliminates 
the possibility of hot 
meta! particles lodging 
in the threads; thus no 
retapping is necessary. 


ATLAS SCREW & SPECIALTY CO. 


450 BROOME STREET, DEPT. PE. NEW YORK 13, N. Y. 


for different gages of 
metal. 


FOR FAST HELP 


To Hold Tighter 
To Last Longer 


ON DESIGN PROBLEMS 


. consult the 


PRODUCT INDEX 


of this 


HANDBOOK ISSUE 


(Begins on page 12) 


To Cost Less 


fl ааа ia a НОТИ 
in these саб hundreds of other ap- 
plications where stress, wear or 
vibration is a factor. The Gripco Lock @ 
Nut, with its simple, one-piece | 
design, has given industry a tighter, i 
more positive holding action for К 
quicker fastener application at less Ed 
initial cost. No inserts, outside de- L3 
vices or complicated features — the | 
Gripco Lock Nut holding or locking | 
action is inherent in the nut itself — | 
it costs less to use, gives an easier, | 
faster locking and holds tighter for | 
a longer time. Impervious to oil or F 
water. For faster production, lower 
manufacturing and maintenance 
costs, look into the Gripco Lock Nut 
today. 
GRIPCO PRODUCTS INCLUDE: Gripco Lock Nuts, 
! New Gripco “Clinch” Nuts, Gripco Hi-Nuts, 


Пе Gripco Pilot-Projection and Countersunk Weld 
LL Nuts with or without Gripco locking feature. 


ve 
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uu diri. ac cial s i ao 2a 


ч 


"y 


— 
ys 


“рр 





3085 S. Michigan Avenue, Chicago 4, Illinois 
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USE TIME-SAVING COUPONS BELOW 


. . fo request further information on 
all products advertised in this Handbook Section 


... 1o request your copies of product catalogues 
and bulletins listed and described in fhis section 


CYou will find similar coupons at the end of each Handbook Section ) 


CONSULT THE PRODUCT INDEX If you have specific questions to ask about any 


beginning on Page 12, when you product advertised, a letter direct to the manu- 
want all available information on facturer, at the address given in his advertise- 
a particular type of product: this ment, will be welcome. For clarity and prompt 
Product Index is your guide to all service, include reference to Product Engineer- 
advertisements in this Handbook ing's Product Design Handbook issue for 1956, and 
issue by manufacturers of this page number of advertisement prompting your 


type of product. letter. 


CIRCLE THESE NUMBERS FOR FURTHER INFORMA- CIRCLE THESE NUMBERS FOR FURTHER INFORMA- 
TION ABOUT ADVERTISERS APPEARING IN THIS TION ABOUT ADVERTISERS APPEARING IN THIS 
SECTION SECTION 


G30-1 G32-3 G34-5 G36-7 G38-9 G40 G41 G30-1 G32-3 G34-5 G36-7 G38-9 G40 G41 
G42-3 G44 G45 G46 G47 G48 G49 G42-3 G44 G45 G46 G47 G48 G49 
G50 G51 G52 G53 GL54  GTR54 GBRS4 G50 G51 G52 G53 GL54 GTR54 GBR54 
G55 G56 G57 G58 G59 GL60  GTR60 G55 G56 G57 G58 G59 GL60 GTR60 
GBR60 G61 GL62 GTR62 GBR62 G63 G64 GBR60 G61  GL62 GTR62 GBR62 G63 G64 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION 


Sl S2 S3 S4 55 56 57 
58 59 510 511 512 513 
517 518 519 520 521 
524 525 526 527 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION 


S1 52 53 54 55 56 57 
58 59 510 511 512 513 
518 519 520 521 
525 526 527 
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NEW BOOKS 
Motors, Engines and Controls 


Introduction to Statistical Thermo- 
dynamics by Malcolm Dole, Profes- 
sor of Chemistry, Northwestern 
Univ. 6 x 82 in., 250 pp. Published 
by Prentice-Hall, Inc., 70 Fifth 
Ave., New York 11, N. Y. $6.25. 


A new basic treatment of statistical 
thermodynamics bridging the gap be- 
tween thermodynamics and kinetics, 
and chemistry and physics. 

Designed to clarify and simplify the 
approach to this difficult field, the 
book first briefly reviews the funda- 
mentals of classical thermodynamics 
and presents the principles of statisti- 
cal mechanics. Then, step by step, it 
shows how these two subjects relate to 
each other in statistical thermody- 
namics. 

Specific, practical applications of 
these principles are introduced early. 
Chapter II, for example, describes 
some mathematical aspects of proba- 
bility and Chapter III applies these 
methods to the distribution of molecu- 
lar weights in linear condensation 
polymers. Theory and practice are bal- 
anced in this fashion throughout the 
text. 

An important feature of the book 
is that it offers a large number of care- 
fully developed problems in statistical 
thermodynamics. 

Throughout the book the author 
presupposes a limited mathematical 
and theoretical background. 


Direct and Alternating Currents— 
Theory and Machinery by E. A. 
Loew, Emeritus Dean of Engineer- 
ing and Professor of Electrical En- 
gineering, University of Wasbing- 
ton; assisted by F. R. Bergseth, 
Associate Professor of Electrical 
Engineering, University of Wasb- 
ington. 6 x 9 in., 637 pp. Published 
by the McGraw-Hill Book Co., Inc., 
330 West 42 St., New York 36, 
N. Y. $7.50. 


This fourth edition, in which all 
material has been brought up to date 
and much has been completely rewrit- 
ten, is a comprehensive treatment of 
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the circuit theory and machinery of 
direct and alternating currents, suitable 
for use by electrical engineering and 
other engineering students. Each sec- 
tion covers first, the fundamental con- 
cepts, and then goes on to a discussion 
of machinery and operating character- 
istics. Emphasis is placed upon basic 
principles rather than on specific 
groups of facts, in the belief that the 
operation of circuits and machines can 
be best understood through a knowl- 
edge of principles and laws. 

Certain major changes have been 
made with this new edition. The ra- 
tionalized mks system is used through- 
out, resulting in a change in approach 
in the early chapters, and to the com- 
plete rewriting of chapters on mag- 
netism, electromagnetism, the mag- 
netic circuit and the dielectric circuit. 
In the a-c section, a new chapter on 
conversion equipment has been added. 
New material was added to the chap- 
ters on transformers, alternators, syn- 
chronous motors, and electron tubes. 

Throughout, the presentation is im- 
proved in clarity, accuracy and ease of 
understanding. 


Diesel and High Compression Gas 
Engines by Edgar J. Kates, A.B., 
M.E., Consulting Engineer, New 
York City, Fellow and Officer, the 
American Society of Mechanical 
Engineers. 512 x 8V5 im. 396 pp. 
Publisbed by tbe American Tecb- 
nical Society, 848 East 58th St., Chi- 
cago 37, Ill. $5.50. 


This volume is intended to give the 

nontechnical as well as the technical 
reader a basic understanding of the 
principles, construction and operation 
of diesel engines. An explanation of 
another related engine is included. 
This is the gaseous fuel power plant, 
of both the diesel and the spark ignited 
types. 
The design and construction charac- 
teristics of various types of engines are 
described. An analysis of fuels and 
how they produce power is given and 
the role of engine accessories and con- 
trols is also discussed. 


Alternating-Current Machines by 
A. F. Pucbstein, Consulting Engi- 
neer, Jeffrey Mfg. Co., T. C. Lloyd, 
Chief Engineer, Robbins and Myers, 
Inc., and A. G. Conrad, Professor of 
Electrical Engineering, Yale Uni- 
versity. 642 x 914 in., 721 pp. Pub- 
lished by John Wiley & Sons, Inc., 
440 Fourth Ave., New York 16, 
N. Y. $8.50. 

This third edition has been enlarged 
approximately 20 per cent and it offers 
an unusually complete treatment of 
machine reactions based on modern 
practice. “Alternating - Current Ma- 
chinery” is a standard college text de- 
voted to transformers, alternators, 
single and polyphase induction motors, 
synchronous motors, alternators іп 
parallel, synchronous converters, mer- 
cury vapor rectifiers, single-phase com- 
mutator motors, and repulsion motors. 
Each subject is treated by a discussion 
of the construction, operating charac- 
teristics, calculation of operating char- 
acteristics from tests, and analyses of 
various related phenomena. Beginning 
with the transformers, this book ex- 
plains how to understand, test, predict, 
and calculate the behavior and per- 
formance of the classes of alternating 
current machinery described in the 
text. 

Although rigorous in the treatment 
of machine reactions, the book pro- 
vides expressive self-identifying terms, 
notations, and symbols. A diverse set 
of up-to-date problems has been in- 
corporated to provide a student with 
an understanding of various theoreti- 
cal applications of the machinery. A 
portion of the new material includes 
information on leading polyphase 
transformers, adjustable speed drives, 
short-circuit characteristics of alterna- 
tors, and rectifiers. The authors have 
projected a new approach to the de- 
velopment of all equivalent circuits, 
and they describe significant changes 
in the more detailed developments of 
vector diagrams, the equations describ- 
ing the oscillations of synchronous 
motors, and the methods of calculating 
the cross-axis voltages of synchronous 
alternating current machines. 
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Hydraulic Valve Lifter Design 


Operational advantages, operation and design of hydraulic valve lifters. 


Units compensate for changes in engine structure and valve gear train 


caused by temperature variations and differentials. 


PAUL L. VERMAIRE 


Diesel Equipment Div. 
General Motors Corporation 


A PRINCIPAL ENGINEERING PROBLEM 
in engine design is the control of lash 
in valve trains. The valve train con- 
sists of those parts required to open 
and close the valves, Fig. 1. In a 
L-head engine—an engine where the 
valves are in the cylinder block—the 
valve gear is made up of the valve, 
valve spring, valve-spring retainer, 


all times. It offers five major advan- 
tages in engine operation: 

l. Elimination of tappet-clearance 
noise. 

2. Elimination of valve clearance 
adjustments. 

3. Longer valve life by elimination 
of pounding. 

4. Smoother engine performance be- 
cause of precise control of valve tim- 
ing. 

5. Automatic compensation for ex- 
pansion and contraction of valve-gear 
and engine structures caused by engine- 


temperature changes and differentials. 

The valve lifter consists of seven 
fundamental parts: the plunger re- 
tainer; push rod seat; plunger; ball 
check; ball retainer; spring; and body 
or follower. Fig. 3 shows five models 
of hydraulic valve lifters. 


Lubrication System 


The engine lubrication system show- 
ing how oil is fed to the hydraulic 
valve lifters is shown in Fig. 4. This 
is a typical lubrication system for a 
V-8 engine. A gear-type oil pump is 


keepers, follower, and cam shaft. In 
the overhead-valve engine—or valve- 
in-head engine—the valve gear com- 
prises the valve, valve spring, valve- 
spring retainer, keepers, rocker arm, 
push rod, follower and cam shaft. 

The lash of the valve gear—or valv^ 
lash—is the clearance between these 
valve-gear parts when the follower is 
on the base circle of the cam. Lash is 
required to permit expansion of valve- 
gear parts and thus allow the valve to 
close when the lifter is on the base 
circle of the cam. 

Hydraulic valve lifters provide auto- 
matic compensation for the expansion 
and contraction of valve-gear and en- 
gine structures caused by engine tem- 
perature changes and differentials as 
may exist in automobile, truck, tank 
or Diesel engines. Fig. 2 shows a 
transverse section of a V-8 engine with 
the hydraulic valve lifter and other 
components making up the valve gear. 


Fig. 1—Sectional views of valve 
trains for the valve-in-head and L- 
head engines. The basic principle 
of valve lifter design is the same 
for either engine type. 
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Operational Advantages 


The hydraulic valve lifter provides 
a simple and effective means of auto- 
matically maintaining all the compo- 
nents of the valve-gear in contact at 


* The Journal is available regularly only to 
engineering educators and technical libraries 
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Fig. 2—Transverse section of a V-8 engine which uses 16 hydraulic valve lifters. 
Right cylinder block shows the lifter riding on the cam. It is guided by a hole 
bored in the block and connected to the rocker arm by a push rod. The right 
block valve is shown in the open position while the left block valve is closed. 


Fig. 3—Five models of hydraulic valve lifters and their fundamental parts. 
Reading from top to bottom, each lifter consists of a plunger retainer, push 
rod seat, plunger, ball check, ball retainer, spring and body. 
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shown mounted on the rear main 
bearing cap. Oil enters the pump 
through an attached screened intake 
which floats on the oil and draws off 
only the clean oil from the surface. 

The oil taken in through the intake 
is forced by the pump through the rear 
bearing cap to the vertical oil passage. 
The vertical oil passage is intersected 
by the right oil passage and a con- 
nector which intersects with the left 
oil passage. The oil in the right and 
left passages flows to the lifters through 
small drilled holes connecting with the 
lifter holes. 


Operation of Hydraulic Valve 
Lifters 


To show the operation of the hy- 
draulic valve lifter, Fig. 5 indicates the 
lifter in four cam positions. Position 1 
shows the lifter on the base circle of 
the cam. In this position, the spring 
in the lifter takes up all the clearance 
in the valve gear. At the same time 
the ball check is lying in the bottom of 
the ball retainer. 

The lifter receives oil under pres- 
sure from the engine lubricating sys- 
tem. This oil enters the lifter body 
through the body-feed holes and flows 
into the inside of the plunger through 
the holes in the side of the plunger. 
The oil continues to flow down through 
the hole in the bottom of the plunger, 
around the ball, and down through the 
holes in the ball retainer, to completely 
fill the cavity below the ball retainer. 

Instead of feeding the lifter through 
the side, some engines feed the lifter 
through the push rod and into the 
inside of the plunger via a hole 
through the push rod seat. However, 
the operation of the lifter is the same. 

As the lifter is raised by the cam in 
position 2, the oil below the plunger 
tries to escape past the ball check. This 
rush of oil around the ball check forces 
the ball check to seat on the plunger 
which seals the hole at the bottom of 
the plunger, and the lifter then follows 
the cam as a relatively solid unit. The 
travel of the ball check is closely con- 
trolled which results in a relative 
movement between the plunger and 
the body to seat the ball check. 

As the lifter rises on the flank of 
the cam, and the full load of the valve 
gear is applied on the lifter, a pre- 
determined and closely held clearance 
between the plunger and body permits 
a controlled amount-of-oil to escape 
from below and past the plunger. This 
condition—the relative movement of 
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ROCKER SHAFT 


Fig. 4—Phantom view of a typical V-8 lubrication system for hydraulic valve lifters. Oil is forced by pump through 
the rear bearing cap to the vertical oil passage, where it flows to the right oil passage, through the connector, to the 
left oil passage. The oil in both the right and left oil passages, flow to the lifters through small drilled holes which 
connect the passages with the lifter holes. Complete valve, rocker arm and lifter lubrication is thus assured. 


the plunger with respect to the body 
after the ball check is seated—is termed 
leakdown. 

As the lifter plunger reaches the 
nose of the cam as shown in position 3, 
the plunger has leaked down a very 
minute distance relative to the body 
as compared to its location in posi- 
tion 2. 

As the lifter reaches the closing 
ramp in position 4, the plunger is 
lower in relation to the body than in 
position 2, where the ball had just 
seated. As the lifter continues to ride 
down the ramp, the ball check opens 
if the valve gear has remained the 
same or contracted. The spring under 
the plunger compensates by taking up 
the clearance and the cycle is repeated. 

However, if the valve gear has ex- 
panded more than the relative amount 
of movement of the plunger in the 
body during leakdown, then the ball 
check will not unseat until enough 
cycles have taken place to account for 
the expansion of the valve gear. There- 
fore, when the engine structure and 
valve gear expand and contract with 
changes in engine temperatures and 
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other differentials, the lifter automat- 
ically adjusts its own length to com- 
pensate for these changes. When tem- 
perature changes require shortening 
of the lifter length, the engine valve 
spring forces the plunger down be- 
cause of the leakdown characteristics, 
thus constantly correcting for this con- 
dition. 

When lengthening of the lifter is 
required, the lifter spring raises the 
plunger, causing oil to flow into the 
spring chambers. 


Design Requirements 
of the Hydraulic Valve Lifter 


Information that must be supplied 
before a hydraulic valve lifter mechan- 
ism can be designed includes: external 


and internal engine dimensions; 
weight of valve-gear parts; relationship 
of cam to lifter body; and cam shaft 
material. 

Certain external and internal dimen- 
sions of the engine need be known to 
determine the over-all size of the lifter. 
The inside diameter of the hole in 
which the lifter is to be guided in the 
cylinder block is the first fact required 


and is needed to determine body and 
plunger diameters. 

The method and location of the oil 
feed to the lifter is next determined. 
If the lifter is to be fed from the push 
rod, a hole must be drilled in the push 
rod seat to permit entry of the oil. If 
the oil is to be fed through the body, 
the dimensions where the oil hole in 
the block intersects the lifter hole must 
be given to assure alignment for oil 
flow. The diameter or radius of the 
push rod seat also is required as is 
the amount of space to permit installa- 
tion and removal of the lifter. Finally, 
it should be determined whether there 
is to be an undercut on the outside 
diameter of the body near the foot to 
allow easy removal of the lifter body. 

The weight of the valve-gear parts 
must be known to design the proper 
spring for the lifter. Along with this 
is needed the viscosity of the oil to be 
used so that proper leakdown specifica- 
tions may be determined. The cam 
shaft specification is needed to deter- 
mine total cam lift. This determines 
the length of the groove in the body 
if the lifter is fed through the body. 
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Fig. 5—The four principal cam positions show operation of the hydraulic valve 
lifter. Position 1 shows lifter on the base circle of the cam. In position 2, the 
lifter is being raised by the cam. Position 3, the lifter has reached the nose of 
the cam. In position 4, the lifter is on the closing ramp of the cam. 


Fig. 6—Relationship of cam to lifter body. Type 1 and 2 give the lowest stress. 
Type 3, while having higher stress withstands a greater misalignment with little 
change in stress. This type is usually recommended for high speed engines. 


If the diameter required on the 
lifter foot is greater than the diameter 
of the lifter hole in the block, a mush- 
room-type lifter must be used where 
the OD of the body at the foot is 
greater than the OD of the body nearer 
the top. Although permitting greater 
velocities, there are many disadvan- 
tages in using the mushroom-type 
lifter. 

During engine assembly, the mush- 
room-type lifter must be either placed 
in position before the camshaft is in- 
stalled or it requires a specially de- 
signed bracket to hold the lifter. 
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Machining and material costs are 
also greater. Mushroom-type lifters are 
used primarily on L-head engines. 
Overhead-valve engines operate with 
lower velocities at the cam because 
the multiplication factor of the rocker- 
arm ratio will increase the velocity at 
the valve. 

The relationship of the cam to the 
lifter body is the next consideration, 
Fig. 6. Both type 1 with cam and lifter 
centerlines in line, and type 2 with 
cam and lifter centerlines offset have 
the flat cam riding against a flat lifter 
foot. The flat lifter riding on a flat 
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cam gives the lowest stress but can not 
stand high misalignment. 

Type 3 has a lifter with a spherical 
foot riding against a cam shaft with 
a slight taper. Although it has higher 
stress, this type will withstand a much 
greater misalignment with little change 
in stress. The centerline of the cam 
is offset with respect to the centerline 
of the lifter. 

When using the spherical radius and 
the tapered cam lobe, the smaller the 
spherical radius the greater is the stress 
and the more misalignment permissi- 
ble. With the large radius, the stress 
will be lower but misalignment must 
be held to closer tolerances. The 
contact stresses between the lifter body 
and the cam shaft can be calculated by 
using the conventional Hertz formula. 

The final requirement is the type of 
cam shaft material and the finish on 
the cams. Cast iron, carburized steels 
and SAE $2100 steels may be run on 
alloyed cast-iron cam shafts; however, 
these materials when run on forged- 
steel cam shafts have poor wearing 
qualities. The only material run to 
any degree of success on forged steel 
is the chilled cast-iron lifter body. 

Another important consideration is 
the finish on the lifter foot and the cam 
face. The decision as to whether one 
or the other or both surfaces are to 
be coated is a joint one of the metal- 
lurgical groups of both engine and 
lifter manufacturer, and the results 
of actual engine testing. 

Hydraulic valve lifters provide auto- 
matic compensation for the expansion 
and contraction of valve-gear and en- 
gine structures caused by temperature 
changes and differentials in the engine. 
Any engine design using a valve which 
is opened by a cam is a potential user. 

To achieve the required exact speci- 
fications and durability of the hydraulic 
valve lifter assembly, requires a con- 
tinual testing program. The program 
should involve: dimensional iaachin- 
ing, ball seat, leakdown, and ball re- 
covery checks before a production 
design may be considered. Even then, 
investigation does not cease, but further 
verification tests are conducted on the 
finished product. 


REFERENCE: 


The Design, Development and manufac- 
ture of Hydraulic Valve Lifters, by Paul L. 
Vermaire, Diesel Equipment Div., General 
Motors Corp. from the General Motors 
Engineering Journal, May-June 1954. 
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DIESEL ENGINES, although initially 
more expensive than gasoline engines, 
offer operating economies in fuel, 
maintenance, and long-time costs. 
These economies may be realized in 
Diesel engines as small as 10 hp for 
remote stationary operations, and, as 
design improvements are made, for 
small over-the-road equipment such as 
cars and small trucks. 

Similar to gasoline engines, the 
Diesel engine may be designed for a 
four or two-stroke operation. Although 
the two-stroke Diesel has certain in- 
herent advantages, only the four-stroke 
engine has reached the stage of devel. 
opment where an engine can be de- 
signed to compete on reasonable terms 
as to power/weight ratio and speed 
range with gasoline engines. Other 
factors that must be considered in the 
engine comparisons are: size and 
speed; mechanical parts and vibration; 
and torque capacity, noise and fuel 
metering methods of the engines. 
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Design and 
Performance 
of Small 
Diesel 


Engines 


B. W. MILLINGTON, 
Diesel Development Engineer 
M. H. HOWARTH, 


Technical Ass't to the Mgr. Dir. 
Ricardo and Co., Ltd. 


Design Considerations of 
Diesel Engines 

SIZE AND SPEED: Diesel engine size 
will be limited in any design consid- 
eration by the gasoline engine it must 
replace. Also, the weight must be 
about equal to the replaced engine. 
Thus, the problem becomes one of en- 
suring that the maximum power is 
developed within the available space. 
Figs. 1 and 2 compare the power 
curves and the specific fuel consump- 
tion for a Diesel and gasoline engine 
of equal size. 


LINERS: Wet or dry cylinder liners 
may be used, since the important con- 
sideration is to ensure that the bore 
remains round. With the relatively 
large piston clearances used in a Diesel 
engine, oil control is the major prob- 
lem. Any distortion of the bore in- 
creases the problem. Wet liners with 
their symmetrical shape and good cool- 
ing minimize the problem. However, 


careful dry liner construction design 
will give equally good results for liners 
of about the same length. 

Diesel engines are sensitive to small 
amounts of distortion and even a small 
degree of out-of-roundness will cause 
trouble with oil control the piston 
bearing and the piston rings. It is pos- 
sible that the smaller size Diesels can 
be operated without liners by using 
chromium plated piston rings which 
have good wear resistance. 


BEARINGS: lmprovements in life 
and material quality have been im- 
portant factors in making the small 
Diesel design practicable. Bearing 
areas need not control the cylinder 
center distances as in the past. 

However, these hard bearing ma- 
terials require the use of a hardened 
crankshaft. Although they may be used 
in combination with a soft shaft, this 
is by no means dependable. The crank- 
shaft must be well supported, and it 
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Engine speed, rpm 


Fig. 1—Comparative power curves for a gasoline 
Both are four-cylinder 
engines of about two litres swept volume. 


and Diesel engine. 


has been found that a five bearing shaft 
can result in a shorter engine than a 
three bearing shaft. The reason: the 
webs of the three bearing shaft have 
to be thicker to take the greater bend- 
ing moment. The use of five bearings 
reduces crankshaft weight, engine cost, 
and shortens the overall engine length. 


PISTONS: Limiting heat flow to the 
piston is controlled by the temperature 
of the top ring groove and should not 
exceed 220 C. The design of smaller 
engines direct the heat to flow from 
the piston to the cylinder walls. Thus, 
a specific power of about 2 bhp per sq 
in. of piston area can be attained with- 
out the critical temperature being ex- 
ceeded. The piston—based on this de- 
sign criteria—should not impose a 
limit on engine output. However, the 
tendency to minimize the heat flow 
by increasing the piston section should 
be watched since the added mass im- 
poses higher loads on the end bearings 
and connecting rod bolts. 


CYLINDER HEAD: The major prob- 
lem in cylinder head design is to pro- 
vide stiffness and minimize distortion 
caused by heat. Since engine size is 
small these factors are often difficult 
to control. However, a rib connecting 
the stud bosses will form a ring cor- 
responding to the cylinder barrel or 
liner flange against which the head is 
bolted to add stiffness; and distortion 
may be controlled by the use of in- 
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ternal water jets in the head to carry 
away the Diesel engine heat. 


FUEL INJECTION SYSTEM: In con- 
sidering the overall design of the en- 
gine the only thought that need be 
given is how this system should be 
fitted in and driven. Since high engine 


BMEP - psi 


Fig. 2—Comparative specific fuel consumption curves for a 
gasoline and Diesel engine at 2,000 rpm. Eighty octane fuel with 
a specific gravity of 0.74 was used in both engines. 


speeds are required, the fuel injection 
pipes should be kept short with the 
fuel pump near the injector. 

The combustion chambers and the 
fuel pump may be arranged on the 
side remote from the camshaft since, 
on small engines, push rods, internal 
coring and water circulation to the 


Fig. 3—Typical chain timing drive. The camshaft should be on the 
taut side of the chain so that timing variations caused by chain stretch 
are absorbed by the fuel pump. Gears are more accurate for timing. 


Product Engineering — Mid-October, 1955 


H7 





cylinder head causes equipment crowd- 
ing and assembly problems. 


VIBRATION: With a four-cylinder 
engine, crankshaft torsional vibration 
is not likely to be serious, but small 
dampers are sometimes used to im- 
prove timing drive conditions. The 
drive between the camshaft and fuel 
pump is critical since the loads are 
high and fluctuating and, the small 
Diesel engine design, permits little 
variation in valve timing. 

Where roller chain is used for the 
timing drives, the camshaft should be 
near the crankshaft and on the taut 
side of the chain. Timing variations 
caused by chain stretch are then ab- 
sorbed by the fuel pump. Variation of 
injection timing is undesirable, but not 
disastrous as variations in valve timing 
may be. Fig. 3 shows a triangulated 
chain drive that has been found to be 
satisfactory for small Diesel engines. 
If gears are used timing is accurate and 
the only problem is one of noise. 


Fuel Injection and Combustion 


Combustion constitutes one of the 
major problems to be solved on small 
engines if they are to operate over the 
speed range of equivalent gasoline 
engines. 

The major concern is the small size 
of the combustion chamber which may 
have a volume of about 20 cc. Twenty 
per cent of this air will be dispersed 
over the piston in the piston-to-head 
clearance space and may in part be 
lost to effective combustion. Up to 5 
per cent may be lost in the top land 
and top ring clearances and a similar 
amount in valve recesses. Further 
losses occur around the injector and 
in the vicinity of the glow (spark) 
plug. 

Apart from the difficulties of geo- 
metry, is the wide speed range of from 
500 rpm to 3,500 rpm. If accurate 
fuel/air ratio is needed, it would be 
difficult over this wide range. For this 
reason, current designs use one form 
or another of high turbulence chamber 
which are less critical to matching and 
may be held to within an acceptable 
degree of matching over the speed 
range. 

The shape of the torque curve at 
a fixed fuel pump setting is related to 
both the combustion chamber and fuel 
injection system. The gasoline engine 
torque curve can be radically changed 
by engine starvation. Diesel engines 
are similarly affected, but delivery 
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characteristics of the fuel pump is also 
a factor requiring consideration. 

At low speeds the maximum avail- 
able torque diminishes because of the 
higher proportionate heat losses and 
because of mis-matching of the air and 
fuel movements. This may result in 
exhaust smoke. In practice the smoke 
limited torque that it is possible to 
carry at low speed frequently sets the 
level of the torque curve. 

At high speed the torque will hold 
within the limits of the engine breath- 
ing until late burning causes a torque 
fall off. 

Ideal torque curve shape depends 
upon the engine application. For trac- 
tor-type and commercial truck applica- 
tions, peak torque at about % full 
speed may be required; with faster 
vehicles a torque reaching maximum 
value nearer ?4 full speed might be 
more suitable. By selecting valve tim- 
ings, injection timings, and combus- 
tion chamber characteristics, these 
varying demands may be satisfied. In 
Fig. 4 are shown two torque curves 
obtained from similar engines. The 
actual level at which the torque curve 
runs depends upon the fuel pump set- 
ting, and is set to give a clear exhaust 
over the full working range. 


Engine Starting 


In Fig. 5 the effect of cranking speed 
on compression temperature is shown. 
The engine was cranked at various 
speeds at normal ambient temperature 
and the compression temperature was 
measured. The importance of cranking 
speed is shown by the rise in compres- 
sion temperature of 60 C by a 50 rpm 
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cranking speed increase from 100 rpm 
to 150 revolutions per minute. 

The compression ratio of the engin» 
has an influence on starting; a value 
is normally selected because of start- 
ing requirements that is higher than 
necessary for the best running per- 
formance, about 19:1 or 20:1. 

Details of the chamber design will 
also affect starting. One compression 
chamber design has a special injector 
that sprays fuel into the hottest zone 
under cranking conditions and into a 
second position that is most advantage- 
ous for running at the higher rotational 
speeds. 

Unaided starting may be assured by 
proper design down to temperatures 
slightly below freezing, but additional 
aids will be needed for starting condi- 
tions below freezing. Heater plugs 
have been fitted into the chamber to 
heat the air/fuel mixture. Also, a var- 
iety of induction heating devices are 
available. However, at low tempera- 
tures the air must be heated to such 
a high degree that its density is re- 
duced so that the firing stroke produces 
insufficient energy to accelerate the 
engine. Fig. 5 gives some indication 
of the poor return intake heating may 
give on small engines. Ether may be 
used as a starting aid but will not be 
popular until some convenient, eco- 
nomical and controlled means of ad- 
ministration is devised. 


Future Development 


The preceding sections have shown 
how the problems of mechanical de- 
sign and combustion in small Diesel 
engines might be tackled in the light 
of present-day knowledge and experi- 
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Fig. 4— Torque curves with exhaust smoke notations. The rating, JV, is 
taken to be the point where engine exhaust is visible against a white 
background; VSB is visible to an observer under actual road conditions. 
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ence. In the future it must be expected 
that these small enyines will be de- 
veloped further and it would be inter- 
esting to discuss the lines of develop- 
ment that appear promising. Before 
doing so, it may be well to speculate 
on how small a Diesel engine it will 
be found worth-while to manufacture, 
for this will limit the possible fields 
of development. 

As engine size is reduced, thermal 
efficiency as such becomes of less im- 
portance while first cost becomes more 
and more significant; this trend being 
shown up sharply by the great popu- 
larity of two-stroke gasoline engines in 
the lighter types of equipment. There 
are indeed some industrial Diesel en- 
gines of only 2 or 3 hp, but it seems 
certain that these are justified not so 
much by their fuel economy as by their 
greater reliability and, possibly, by 
their use of a safer fuel. 

For vehicles, where the Diesel is 
only justified on the score of fuel econ- 
omy, it seems unlikely that an engine 
of much less than 1.5 litres will find 
favor. Good combustion can be main- 
tained remarkably well down to very 
small cylinder sizes of 250 cc or less, 
but the economic gains suffer dimin- 
ishing returns and unless there is a 
demand for engines with a multiplicity 
of cylinders it seems unlikely that there 
will be great interest in a cylinder size 
of much less than 350 cc. 


POWER: The general question of de- 
veloping more power has already been 
to some extent covered when discuss- 
ing the performance limitations of the 
Diesel. One obvious way, however, of 


temperature, C 


Compression 


increasing the output that has not been 
mentioned is that of supercharging. 
In a general way, it would be supposed 
that a supercharger applied to a very 
small engine would not appreciably 
help, but there may be instances where 
it is required to force the output to the 
maximum or to match exactly the 
power of gasoline engine of the same 
size, and then supercharging is a solu- 
tion. 

It must be remembered also that 
supercharging offers much to the 
Diesel engine for the power response 
is good, and, which is very important 
to this application, a certain degree of 
supercharge has a profound effect on 
quietening combustion, particularly 
under idling conditions. 


SIMPLICITY. Another possible line 
of engine development lies in the di- 
rection of greater simplicity of con- 
struction and here perhaps is the cue 
to begin to think of some radically 
different form of engine. Air cooling 
has attractions for simple designs and 
although today the proportion of ve- 
hicle engines employing air cooling 
throughout the world is minute, yet 
there is great interest in the subject, 
particularly on the Continent. For the 
Diesel, the application of direct air 
cooling is not by any means a simple 
matter. Although the total heat rejec- 
tion is less than in the case of a gaso- 
line engine, the amounts of heat thar 
flow locally in the vicinity of the top 
of the cylinder barrel and the cylinder 
head are very much greater. 

As with the water-cooled engine, 
the air-cooled cylinder head is con- 
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Fig. 5—Effect of intake temperature and cranking speed on compression 
temperature. Ambient temperature is 20 C. Engine has a 1.8 litre, four- 


cylinder compression swirl chamber. 
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gested so that it is difficult to provide 
even the minimum cooling area where 
it is wanted. Unlike the water-cooled 
head where water can be directed to 
the most inaccessible parts—and in an 
extreme case where the latent heat of 
steam can be relied on for really effec- 
tive cooling—with the air-cooled head 
the directing of air at local hot spots 
is difficult, and a vigorous blast is 
likely to be expensive in terms of fan 
power. 

If it is assumed, however, that these 
problems will be solved for highly 
rated engines (and there is no doubt 
that vehicle engines must be highly 
rated) then there seems much to be 
said for adopting air cooling, perhaps 
in conjunction with a flat twin or flat 
four type of engine. With such a con- 
struction, there is greater freedom in 
the design of the cylinder heads and 
the increase in cylinder center dis- 
tances caused by the use of separate 
finned cylinder barrels will not matter 
unduly. 

Finally there is the question of the 
future of the small direct injection 
engine. Almost the only recommenda- 
tion that the Diesel engine has as a 
power unit for a light vehicle is its 
good fuel consumption. Thus it seems 
reasonable to suppose that efforts will 
be made to better that consumption. 
It is the economy of the direct injec- 
tion engine that has given it such a 
dominating position in the heavy 
transport field, and although there is 
less to be gained with small engines 
because the total fuel quantities are 
less, it still seems attractive to extend 
the development of direct injection to 
small sizes. At the moment the swirl 
chamber engine shows to its best ad- 
vantage with small cylinders, while the 
direct iniection eneine is handicapped 
in that respect. The speeds of the 
latter, however, are rising and it may 
vet become a practicable proposition 
for the small engine field. 
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Fig. 1—Sequence of two-cycle engine operation.—(A) Crankcase charging and cylinder 
compression stroke.—(B) Ignition position—(C) Power and crankcase compression 
strokes.—(D) Exhaust of burned charge and admission of fresh charge to cylinder. 


T»o-Cycle Engines- 


Design and Performance 


Operating principles of two-cycle engine. Engine design factors. 


Engine accessories, their use and effect upon performance char- 


acteristics. Vibration control by proper engine mounting. 


LIGHT WEIGHT, EASY STARTING and 
reliable performance of the single cyl- 
inder, two-cycle gasoline engine have 
promoted its application as a source 
of power for many types of portable 
equipment. These include: rotary and 
reel type lawn mowers, chain saws, 
water pumps, air compressors and 
other equipment that must be fre- 
quently moved around or operated in 
a variety of positions. These engines 
are normally rated at 8 hp or less. 

A two-cycle engine produces one 
power stroke for every crankshaft revo- 


Hio 


lution while a four-cycle engine pro- 
duces one power stroke every two 
revolutions. For the same speed and 
power, the torque per explosion is 
less in a two-cycle engine; thus lighter 
weight connecting rods, pistons, cylin- 
ders and crankshafts can be used. 

In Fig. 1, (A) to (D), is shown 
the various operating positions of a 
typical two-cycle engine. As the crank- 
shaft rotates and the piston moves 
towards the left a partial vacuum is 
created in the crankcase, (A). Atmos- 
pheric pressure forces air into the car- 


buretor and the resultant combustible 
mixture flows through the reed valve 
into the crankcase. This continues 
until the piston reaches the end of its 
stroke, (B), where the intake flow 
stops and the reed valve shuts. 

As the piston moves towards the 
right, the combustible mixture is com- 
pressed in the crankcase, (C), until 
the piston uncovers the transfer port 
allowing the charge to pass from the 
crankcase into the cylinder, (D). 
When the piston moves towards the 
left again, it covers the transfer port 
and compresses the charge in the cylin- 
der. At the same time a fresh charge 
is drawn into the crankcase. As the 
piston reaches the left end of its stroke, 
(B), a spark ignites the compressed 
mixture. The expanding gases force 
the piston to the right and compress 
the new charge in the crankcase, (C). 
When the piston approaches the end 
of this stroke, it uncovers the exhaust 
port, the transfer port is uncovered at 
the same time and the new compressed 
charge enters the cylinder and pushes 
the burned gases out through the ex- 
haust port. This above cycle of events 
is repeated during each operation of 
the two-cycle engine. 
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Engine Components Design 


CRANKSHAFT BEARINGS: Either 
bronze, needle or ball bearings are 
used to support the crankshaft in 
small two-cycle engines. Bronze bear- 
ings may be used when the speed and 
engine load are low. With mist type 
of lubrication it is frequently difficult 
to properly lubricate a bronze bearing 
engine, especially where the bearings 
need to be long to support the load. 
If proper clearances are mantained be- 
tween the crankshaft and bearing, it 
is difficult to lubricate the outer bear- 
ing. If the clearance is increased to 
where ample lubrication reaches the 
outer end of the bearing, the problem 
of sealing the crankcase becomes crit- 
ical since excessive radial crankshaft 
movement rapidly wears the seals. 

Bronze bearings are also limited in 
their end-thrust capacity. Unless provi- 
sion is made for the circulation of oil 
when it is subjected to end thrust 
(such as complicated oil grooving), 
the bearing against which the crank- 
shaft is riding will be starved for oil. 

Needle bearings are better than 
bronze bearings for two-cycle engine 
service. They have long life, are easy 
to lubricate and do not permit as 
much radial movement as bronze bear- 
ings. However, needle bearings have 
no provisions for taking end thrust and 
must always be supplemented by some 
type of thrust bearing. 

Ball bearings with their small radial 
clearances are well suited for mist 
lubrication and can absorb relatively 
high end thrusts. In a typical engine, 
the bearing outer race is shrunk into 
the crankcase and a light press fit is 
used between the crankshaft and the 
inner race. Radial movement of the 
crankshaft is thus negligible and long 
and consistent seal life is obtained. 

Another feature of ball bearings is 
the ease of replacement. The shrink 
fit insures accurate realignment of new 
bearings. With bronze bearings, the 
worn unit must be bored or pressed out 
and the new ones pressed in and 
reamed to tolerance. 


CONNECTING Rops: Two types of 
connecting rods are used depending 
on the speed range. For operating 
speeds below 4,000 rpm, rods with 
bronze or aluminum bearing surfaces 
are satisfactory. Sand cast or forged 
bronze rods made of alloys with suit- 
able bearing surface characteristics are 
also used. In some engines the rods 
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Fig. 2—Vibration curves showing horizontal velocity 


at cyl- 


inder head of engine mounted on four different applications. 
Curve for “Application No. 2—reinforced” indicates how proper- 
ly placed reinforcing member reduces rms velocity of vibration. 


are die cast of aluminum with bronze 
inserts at both ends. 

For higher speeds and heavier duty 
applications, forged steel rods with 
needle bearings at one or both ends 
are used. This type of rod usually has 
a needle bearing cartridge on the pis- 
ton pin end, while the crankshaft end 
has needles interposed between the 
crankshaft, which serves as the inner 
race, and the connecting rod which 
serves as the outer race. 


PISTONS: The most commonly used 
piston shape has a baffle on the top 
which deflects the incoming fuel 
charge and directs it towards the top 
of the cylinder to clear the cylinder 
of burned fuel remaining from the 


previous explosion. The height and 
configuration of the baffle is dependent 
upon the size, speed and load carrying 
characteristics desired in the engine. 
Some engines have been built with 
a flat top piston. When this shape is 
used it is usually necessary to extend 
the porting further around the circum- 
ference of the cylinder, and also to 
shape the intake ports so that they 
direct the incoming fuel charge to- 
ward the head end of the cylinder to 
effect satisfactory scavenging. If nor- 
mal porting is used the charge would 
flow straight across the flat top piston 
and would not clear the top of the 
cylinder of burned fuel The flat top 
piston, because of the absence of any 
protruding baffle, is considered easier 
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Fig. 3—Typical horsepower curves for two-cycle engine. 
Curve A is for engine without air filter or muffler. 
Curve B is for same engine with these accessories. 
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to cool, while the baffle-type piston 
gives better scavenging. 

The number of rings used depends 
upon engine speed and compression 
pressure. Pistons have two, three or 
tour rings. They may be free to rotate 
or they may be pinned. 


CYLINDERS: The cylinders of most 
small two-cycle engines are made of 
die cast aluminum with a cast iron 
sleeve or a liner cast in. Cylinder 
sleeves may also be pressed or shrunk 
into place. The cylinder fin-type se- 
lected is based on the amount of cool- 
ing needed for the horsepower pro- 
duced. 

The cylinder ports can be cast or 
machined. If square ports are used 
(for higher horsepower units) they 
are usually cast in because of the cost 
saving over machining a square open- 
ing. Round ports may be more accu- 
rately located and are machined. 

Where high output is required, 
chrome plating may be used. The 
aluminum casting is machined to 
within 0.002 to 0.004 in. of finished 
size and the cylinder plated in the 
bore. Chrome plating increases the 
ability of the cylinder to dissipate heat, 
and is lighter than a cast iron sleeve. 


Accessory Equipment 


FUEL SYSTEMS: In general, the follow- 
ing types of carburetors are available: 
(1) suction feed; (2) float feed with 
gravity flow from overhead fuel tank; 
(3) float feed with fuel pump; and 
(4) float feed for operation on kero- 
sene. 

The suction feed carburetor is used 
primarily where simplicity and cost are 
prime considerations, and is com- 
monly specified for smaller lawn 
mowers, small garden tractors, and 
related equipment. 

From the standpoint of perform- 
ance and power, the float feed car- 
buretor offers an advantage: its air- 
fuel ratio characteristics are usually 
more constant throughout a wide 


range of operating conditions than are 
those of the suction type. In addition, 
the power output of an engine of the 
same cubic displacement is about 25 
per cent greater with a float feed 
carburetor 


When a float feed carburetor is used, 
a gravity fuel tank is specified for 
simplicity and cost. If it is necessary 


to mount the tank below the carburetor 
level a fuel pump must be added. For 


ease of priming, the tank should not 
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Mechanical Governor 


be mounted more than three feet below 
the level of the pump. 

The high cost of gasoline in some 
foreign countries necessitates the use 
of kerosene except for starting. For 
operation on kerosene, the carburetor 
float chamber has a drain, and the 
fuel line is equipped with a shutoff 
valve and primer. The reason: the en- 
gine is started on gasoline, and by 
the time the fuel in the float chamber 
is used up, the engine is hot enough 
to operate on kerosene. 


GOVERNORS: Two types of governors 
are available: (1) air vane or pneu- 


matic; and (2) mechanical or flyball. 


The air vane governor is energized 
by the air stream from the cooling 
fan. The vane pressure is balanced by 


the governor spring. As the engine ac- 


celerates, the increasing air velocity 


boosts the pressure on the vane, and 
when vane pressure overbalances the 
governor spring, the throttle is closed 
and engine speed decreases. 


The pneumatic governor is used 


when accurate speed control is not 
essential. A variation of about 400 
rpm may be expected between the 
speed of the engine at no load and at 


full load operation. 


A mechanical governor will hold the 
speed variation within much closer 


Suction Feed Corburetor 


Float Feed Corburetor 


tolerances. These governors are speci- 
fied for generator sets where any speed 
change will affect the voltage and the 
regulation of the generator. 

The flyball-type governor is ener- 
gized by the centrifugal force of 
weights pivoted on a gear rotating at 
high speed. These assemblies are 
usually inside the engine crankcase 
and are lubricated by crankcase oil, 
thereby reducing wear and servicing 
problems of the governor. 


STARTERS: There are four types of 
starters: (1) rope; (2) recoil; (3) 
hand-crank; and (4) electric. The 
type used depends usually on accessi- 
bility in a given application. From 
the standpoint of simplicity, low cost 
and ease of starting, the rope starter 


is usually specified. Recoil starters on 
engines up to 21^ hp are becoming 
popular on all types of equipment 
Engine Mounting 
Experience indicates that if no part 


of the engine vibrates at a root mean 


square velocity greater than 3 in. per 
sec, the mounting is satisfactory. If 
the velocity exceeds this value, fatigue 


may cause parts to fail prematurely. A 
vibration velocity of about 1 in. per sec 


is recommended. 


If the vibration level is not satis- 
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factory after the engine 
mounted, two changes are possible 
The 
rigid; thus a higher engine speed is 
needed to the 
mounting can be softened which re- 
duces the resonant speed. A softer 
mounting has the disadvantage of the 


unit possibly resonating at some har 


mounting can be made more 


Cause resonance, or 


monic of the new resonant speed 

To show how mounting may affect 
vibration characteristics, an engine was 
checked in four different applications. 
The curves in Fig. 2 show the 
zontal vibration velocity at the cylin- 
der head. In application No. 2, the 
mounting was in resonance at about 
2,500 rpm causing a peak velocity of 
about 9 in. per sec. Since maximum 
operating speed was 2,600 rpm, this 
degree of vibration was objectionable. 
By placing a reinforcing member below 
the mounting feet the vibration char- 
acteristic was lowered, as shown by ap- 
plication No. 2—reinforced curve. Ref- 


erence to this curve shows that at all 


speeds through 2,800 rpm the vibration 
characteristic is less than 1 in. per sec 


hori- 


Performance Characteristics 


In Fig. 3 is shown typical horse- 
power curves for a standard industrial 
two-cycle engine. Curve A represents 
output without an air filter or muffler, 
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has been while curve B represents the output of 


the same engine equipped with filter 
and muffler. These accessories cause a 
reduction of !4 hp but may be needed 
for environmental conditions or noise 
reduction. There is also a difference 
in where the two curves peak; curve A 
at 4,400 rpm and curve B at 3,800 
rpm. If extremely quiet operation is 
required, a muffler with more back 
pressure must be used and the curve 
will peak at a still lower value. 

The power output of an engine in- 
creases with an in the com- 
pression However the 
amount of air required for cooling also 


increases and a point may be reached 
where the additional horsepower result- 
ing from higher operating pressures 
will be consumed in moving the addi- 
tional cooling air. Higher compres- 
sion ratios will require higher starting 
torque which affects the ease of engine 
cranking. 

While considering the performance 
characteristics of an engine, the differ- 


ence between a throttle controlled 


engine and a governor controlled en- 
gine should be noted. Most perform- 
ance curves are shown for wide open 


throttle conditions. The nominal or 
rated horsepower is usually determined 


at speeds from 3,600 to over 5,000 
rpm. The speed selected is that which 


increase 
pressure. 
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produces maximum horsepower with 
open throttle. 

Governor controlled engines are op- 
erated at speeds below the rated power 
speed, and therefore, will deliver less 
than rated power. The engine repre- 
sented by curve B, Fig. 3, is rated at 
3.6 hp at 4,000 rpm. If the engine is 
governor controlled at a speed of 3,000 
rpm, the maximum power output is 
only 3.0 hp or 0.6 hp less than rated. 
The governed speed of 3,000 rpm is 
assumed to be the no-load speed. 

Speed regulation of small engines 
with commercial governors is rarely 
better than 8 per cent between no load 
and full load. There is, therefore, an 
additonal drop in speed of 240 rpm, 
bringing the full-load governed speed 
to 2,760 rpm. At this point there is 
available only 2.7 hp. Thus, if an 
engine which is rated 2nd delivers 3.6 
hp at 4,000 rpm is governor operated 
at 3,000 rpm the most horsepower that 
can be obtained is 2.7 or 75 per cent. 
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WHILE MECHANICAL BRAKES are 
probably the most widely used for 


stopping motors, there are several 


methods of electrical braking. The 
more common electrical methods are 
plugging, regenerative braking, capac- 
itor braking, and d-c braking, all of 
which may be applied to a standard 
motor. 

The mechanical brake, whether it 
is the shoe, disk, or band type, must 
naturally depend upon the: coefficient 
of friction of the brake material for 
successful operation. It has the advan- 
tages of supplying a holding torque 
when it is not energized and of being 
a “fail-safe” device, that is, it performs 


its function when the power fails. 


Temperature, humidity, oil, moisture 
and age all affect the coefficient of 
friction and corrections must be made 


for wear of the friction material. 


The brake may or may not be an 


integral part of the motor. As a sepa- 
rate unit from the motor, it must have 
its own mounting means and must be 


aligned. If it is built onto the motor, 
it increases the length of the motor. 
Since the coefficient of friction in- 
creases with a decrease in velocity and 
the stored energy decreases with speed, 
the effectiveness of the braking in- 
creases as the speed decreases and the 
mechanically braked motor stops with 
a violent shock. 


Electrical Braking Methods 


Plugging is the application of volt- 
age, by means of a reversing contactor, 
to effect the reverse direction of rota- 
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tion of the motor. To prevent the 
motor from actually reversing, the 


voltage must be removed as the motor 
speed approaches zero. This is accom- 
plished by using a zero-speed switch 
which is mechanically coupled to the 


motor shaft. If the switch fails or if 


the reversing contactor does not re- 
move the voltage as the motor speed 
passes through zero, the motor will ro- 
tate in the reverse direction, which in 


many applications could not be toler- 
ated. The losses to stop the motor are 
approximately three times as great as 
the losses while accelerating the motor 


from zero to synchronous speed. If 
full voltage is applied for plugging, 


there can be considerable line disturb- 
ance. This may not be objectionable 
since the increased capacity of the 
feeder systems tend to minimize this. 
The degree of plugging with an in- 
crease in the stopping time can be 
controlled by using either a reduced 
voltage source or equal resistors in 
the three motor lines. This also reduces 


line disturbances. 

Dynamic braking is obtained when 
a motor is allowed to function as a gen- 
erator with its output being expended 


as a loss. An inherent characteristic 


of this type of braking is the decrease 
in its effectiveness as the speed de- 
creases. This limits its usefulness to 


applications where the motor is 


coupled to a load having friction. 

In an induction motor, it is neces- 
sary that apparatus connected in par- 
allel supply a leading power factor. 
Capacitor braking is the use of capac- 
itors connected across two or three 
of the phases to meet this condition. 
Resistors can also be used in parallel 
with the capacitors during the braking 


cycle. With this method, very little 


braking effort is obtained below about 


one-third synchronous speed. 
Regenerative braking, because it is 
obtained by operating a motor above 


its synchronous speed, is also very lim- 


ited in its use. With a constant fre- 


quency source, its most important use 
is in providing positive slowdown from 
high to low speed of a multi-speed 
motor. 


D-c braking can be considered a 
special case of regenerative braking in 
which a voltage of zero frequency is 
applied to the motor terminals. This 


makes synchronism occur at zero speed 


and converts the motor into a brake 


that opposes rotation in either direc- 
tion. The familiar characteristics of 
regenerative braking is obtained: the 


braking effort increases as the rotor 


speed decreases, reaching a maximum 


value at some point approximately 
one-quarter of synchronous speed, and 
then dropping off very rapidly as the 
rotor speed approaches zero. This in- 
herently provides a smooth stop with 
the assurance that the motor cannot 
reverse. 

D-c current is applied to one phase 
of the motor by means of a reversing 


Linestarter which is used for alter- 
nately connecting the a-c and d-c 
sources to the motor. As d-c is gen- 


erally not available, a rectifier and an 


appropriate transformer are used. The 
transformer serves as a means for ad- 
justment and for limiting the maxi- 
mum available current. Since it is 
desirable to keep motor heating to a 
minimum, a timing device is included 
and is so adjusted to remove the brak- 
ing current immediately after the speed 
of the rotor has reached zero. This 
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Family of Typical Braking Torque Curves 
for 4 Pole Squirrel - Саде Motor 


Speeds in % 
synchronous 
100 


[ A-Dc amps 200% 


| 


motor FL. rating 


| B-Dc amps 400% 


i 


motor FL. rating 


C-Dc amps 600% 


motor FL. rating 





Braking torque in per cent roted full lood 


Fig. 1—Typical braking-torque curves for a 4-pole squirrel 
cage motor at various values of d-c current. 


also keeps heating of the components 
within the enclosure to a minimum. A 
condenser discharge type of timing 


circuit is generally used because of the 


short time usually required to stop the 
motor. A mechanical timer is used 
on those applications involving high 
inertia loads with little inherent fric- 
tion where d-c braking is used as a 
retarding force to provide a smooth 
and comparatively fast stop. 


Characteristics of D-c Braking 


D-c braking is applicable to squirrel- 
cage or wound-rotor polyphase motors 


and can also be used with equal effec- 
tiveness on single phase motors. A 


wound-rotor motor with some resist- 


ance in the secondary will produce 


more braking torque for a given d-c 
current than a squirrel-cage motor of 
the same horsepower. 


Typical braking torque curves are 
shown in Fig. 1 for a 4-pole squirrel- 
cage motor with various values of 


direct current applied on one phase. 
The current values are expressed as a 


per cent of the motor full-load a-c 


rating. It will be noticed that the 
speed at which maximum torque occurs 
rises as the direct current increases. To 
be most effective, it is desirable to 
move this point as high as possible. 
But due to saturation, the stresses set 
up, and heating, it is not advisable to 
use a current that exceeds the locked 
rotor current. From Figure 1, it can 
be determined that the average braking 
torque using a direct current of 200 
per cent motor full-load current is 
about 120 per cent rated full-load 
torque. If the direct current is in- 
creased to 400 per cent, the average 
braking torque increases to about 325 
per cent. 

Typical torque curves, are shown in 


Fig. 2, of full voltage plugging and 


Product Engineering — Mid-October, 


Typical Braking Chorocteristics 
4 Pole Squirrel-Cage Motor 


_-Pluggirg- 
full voltage 


Braking torque in per cent roted full load 


Fig. 2—Torque curves of full voltage plugging with 
direct-current of 200 per cent rated full load current. 


Fig. 3—A typical controller for a 5-hp, 220-volt, 3-phase, 60-cycle motor. 


d-c braking with a direct current of 
200 per cent rated full-load current. 


The average braking torque during 
plugging is 175 per cent of the rated 
full-load torque. 


If a load with a WK? equal to 
twice that of the rotor is placed on 
this motor, plugging will stop this 
load in about 0.7 second with 10 revo- 
lutions. D-c braking will stop this 


load in about 1.3 seconds with 20 


1955 


revolutions. Increasing the current to 


400 per cent will decrease the time to 
0.4 second and the revolutions to 5 

A typical controller for a 5 hp, 220 
volt, 3 phase, 60 cycle motor with a 
tapped transformer and disk-type 
rectifier is shown in Fig. 3. Because 
of other circuit requirements a mechan- 
ical timer was used even though the 
braking time was short. 


In Fig. 4 is shown a single phase 


Н:5 





4 
e 
I. 
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Fig. 4—A single-phase demonstration controller on a split-phase 3-hp motor. 


demonstration controller using a split 
phase !4 hp motor. This controller 
employs a condenser discharge timing 
circuit. Also included is a selector 
switch for changing the d-c amperes to 
show the effectiveness and difference 
in braking effort as the current values 
are changed. 

Frequently, the stored energy of the 
rotor represents a large portion of the 
total energy of the system. As in the 
other methods of electrical braking, 
the rotor energy does not have to be 
dissipated through the motor shaft. 
On applications involving too much 
braking torque for the motor shaft 
or coupling, a solenoid brake can be 
used in conjunction with d-c braking 
with the brake acting on a shaft in the 
machine instead of on the motor shaft. 

With d-c braking, once the braking 
effort has been determined and the d-c 
current necessary to give the desired 
braking action has been set, consistent 
braking with no periodic adjustments 
is obtainable. 

D-c braking offers a method of stop- 
ping a motor without mechanical ap- 
paratus attached to the motor shaft and 
without maintenance other than that 
normally required for control appa- 
ratus. It provides a smooth rolling stop 
without the possibility of reverse 
rotation. There is, however, no holding 
torque at the end of the braking cycle 


His 


Also, there will be no praking torque 
when the main a-c supply fails. This, 
of course, can partially be overcome by 
using a separate source of power to 
obtain the braking current. 

As both d-c braking and plugging 
introduce heat into the motor, applica- 
tions with very short duty cycles and 
relatively high inertia loads or appli- 
cations involving very high inertia 
loads must be given careful considera- 
tion before selecting this method of 
stopping. 

While general cost figures cannot be 
accurate, it is safe to say that the 
least expensive type of brake is a 
solenoid-type magnetic brake. Plug- 
ging and d-c braking are about the 
same but depend upon the degree of 
control required and the size of the 
motor. Capacitor braking is probably 
the most expensive. Type of braking 
can be selected on the basis of size, 
configuration and location, the func- 
tions it must perform, the degree of 
control that must be maintained, and, 
of course, price, which includes first 
cost, component replacement, ease of 
installation and ease of maintenance. 


Applications of D-c Braking 


D-c braking can be and has deen 
applied to many operations in the ma- 
chine tool industry where it is cesir- 
able to obtain a quick stop to permit 


tool changes or to prevent damage to 
the work or machine. It can also be 
used to reduce coasting and поп- 
productive work time, to reduce waste, 
to improve product quality, and to 
improve safety conditions. 

On a radial drill, the use of braking 
permits rapid and easy shifting of 
gears. On such an application, the 
braking can be applied by the oper- 
ator by pressing and holding the 
“stop” button for the duration of the 
braking cycle. Another ideal place for 
application exists where reversing 
service is required of the motor and 
the braking effort must be the same 
for both directions of rotation, such 
as the small torque motor on a chuck. 
On an automatic lathe, braking can 
be used to reduce coasting of the 
spindle and can be applied automatic- 
ally by a limit switch. Braking can 
also control the tool carriage. 

On certain applications, braking has 
not been practical because of motor 
design or use. On machines in which 
both ends of the motor shaft are used, 
such as pedestal grinders, d-c braking 
can be used either for safety purposes 
or for functional purposes. Another 
application is on machine tools or 
wood-working machinery where shell- 
type motors are used. These motors 
consist of a stator and rotor only, 
where the rotors are mounted directly 
on a shaft of the machine, 
which also includes a suitable support 
for the stator and ventilating arrange- 
ment. On totally-enclosed or explosion- 
proof motors, d-c braking offers a 
solution to controlled stopping. 

A review of the important applica- 
tion considerations shows that d-c brak- 
ing can be used very successfully where 
any of the following characteristics are 
desired: (a) Rapid and/or controlled 
stopping, (b) frequent operation with 
a minimum of maintenance, (c) 
smooth, vibrationless deceleration with- 
out shock to the drive, (d) assurance 
that the motor will not rotate in the 
reverse direction, (e) ability to ro- 
tate the motor manually without re- 
quiring power applied to any com- 
ponent, (f) same degree of braking 
in either direction of operation. 


driven 


REFERENCE: 

A comparison and evaluation of D-c 
Braking, H. W. Jones, Control Engineering, 
Standards Control Div., Westinghouse Elec- 
tric Corp., presented at the 18th Annual 
Machine Tool Electrification Forum, Buf- 
falo, N. Y. 
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H MOTORS, ENGINES AND CONTROLS 


From: The Tool Engineer 


Power Control Circuits 


and Their Components 


JOHN C. PONSTINGL Application Engineer, Westinghouse Electric Corporation 


Table I—Typical Commercially Available Controls CHOICE OF AN ELECTRIC CONTROL 

and Their Horsepower Ratings for a particular machine drive or op- 

eration is not too difficult when the 

ALTERNATING CURRENT control functions are recognized, and 

the basic interrelations of components 

in the power control circuit are organ- 
ized in a logical sequence. 

In industrial electric control, there 
are two basic types of circuits: Power 
circuits and pilot control circuits. 
Power circuits connect the electric 
source to electric motors. Pilot control 
circuits connect accessories such as 
pushbuttons, relays, and limit switches 
in combinations to control the opera- 
tion of power circuits. A pilot circuit 
always has associated with it a power 
circuit, however, power circuits are 
often used by themselves in the con- 
trol of a motor. 

Design of the power control circuit 
for a particular application is depend- 
ent upon: 

1. Functions of the driven machine 
or device. 

2. Restrictions or limitations placed 
upon the equipment. Included in these 
are safety features, electrical codes, in- 
surance codes, and power supply. 

3. Characteristics of the motors or 
devices to be controlled. 

4. Type of maintenance schedule 
permitted. 

5. Expected service life of the equip- 
ment or machine. 

6. Value of machine and of mate- 
rials in process that might be affected 
by malfunction or misoperation of con- 
trols. 

The National Board of Fire Under- 
writers, the American Institute of Elec- 
trical Engineers, and the Joint Industry 
Conference have set up practical rules 
to be followed in making up power 
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Auto Resistor 
Trans- 
former 
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Table II — Industrial Control Power-Flow Chart 


FUNCTION A-C EQUIPMENT 









POWER 
SOURCE 
(600 VOLTS 
MAXIMUM 














CURRENT 
LIMITING 


DISCONNECT 





CONDUCTOR 
OVER- 
CURRENT 
AND SHORT 
CIRCUIT 
PROTECTION 





MOTOR Manual К 
CONTROLLER control 
with 
: auto- - 
. transformer 
à i with 


MOTOR BRE Я 
RUNNING 
Thermal thermal 
OVER- protection trip 
CURRENT j- on motort 
PROTECTION 











П 


i 


* 


Note—When the power supply is capable of producing more than 15,000 *These starters include appropriate relays to control the accelerating cycle. 

amp short-circuit, and not more than 25,000 amp, then the fuses or сіг- tThermal protection on single-phase motors only. 

cvit breaker chosen must be copable of interrupting thot short-circuit TThe overload relay may be of the thermal, inductive, or magnetic-dashpot type. 
current. Not oll fuses or circuit breakers ore capable of interrupting as **Motors 2 hp and smoller may not require the primory resistonce, using only o 
much os 25,000 omperes. magnetic contactor for ocross-the-line starting. 
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D-C EQUIPMENT 


| BEE 
Ao. 


therma 
or 
magnetic 
trip 


Magnetic* 

contactors Magnetic* 

& auto- control 

transformer 1 and 

for reduced resistance 

voltage 

starting 
thermal 
trip 


Manual indicates fhot the contocts are closed monually through a suitable 
mechanical link. 

Magnet indicates that an electromagnet system provides the motivating 
power to close the various contacts. The operating coil on the magnet 
is energized through a svitoble pushbutton or pilot circuit. 
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These rules are de- 
signed to protect the power source, the 
motor, and the conductors connecting 
the power source and the motor, 
against damage to themselves and to 
their surrounding environment. 

Basic control elements for any elec- 
tric motor drive include four types of 
equipment. The branch power circuit 
must have a disconnect switch to iso- 
late the entire circuit and have an over- 
current protection device to protect 
the feeder against overheating and 
short circuits. 

For the motor, there must be a 
starter or controller that permits 
achieving the desired performance of 
the drive. Motor overcurrent protec- 
tion is also needed to guard the motor 
against overheating caused by over- 
loads and single phasing. 

Since a motor can be reversed by 
interchanging two leads on a 3 phase 
system, phase-reversal protection is 
necessary on critical applications such 
as elevators. In temporary or mobile 
power supply systems, phase-reversal 
or sometimes single-phase protection is 
included in the control. 

The type of motor being driven 
affects the choice of its control. A 
single speed squirrel cage motor needs 
only a single set of contacts for con- 


control circuits. 


A-C Power Supply 
15,000 amp short 
circuit capacity 


Fig. 1—Simple combination of components for connect- 
ing an a-c power source to a small three-phase motor.— 
(A) Block diagram.—(B) Schematic diagram. 


H20 


necting the motor to the line. A multi- 
speed squirrel cage motor, however, 
must have a line connection for each 
speed. A wound rotor motor requires 
additional control for inserting resist- 
ance in the rotor circuit for motor 
starting and speed control. A synchron- 
ous motor, in addition to a-c control, 
needs additional control to connect its 
d-c excitation field. A d-c motor needs 
the proper control to connect the power 
supply, possibly through starting re- 
sistors, to the motor. 

The horsepower rating of the motor, 
the power supply voltage and other 
characteristics determine the size of 
the control required. For example, a 
manual type starter with only a thermal 
trip probably would not be selected 
for a 100 hp motor. On the other 
hand, a magnetic starter and autotrans- 
former, for reduced voltage starting, 
probably would not be selected for a 
V5 hp motor. Typical commercial con- 
trols are listed in Table I together 
with their horsepower ranges. 

To make effective use of materials 
and space, controls are sized for group- 
ings of current and power. A Size 1 
starter, for example, can be used for 
a 3 hp, 220 volt motor or for a 7/2 hp, 
440 volt motor. 

The voltage used for a particular 


A-C Power 
- Supply 15,000 
Amp short- 
circuit capocity 


Knife 
Switch 


Motor 
storter 


Thermal 
trip 


drive affects the control in 


ways: 


several 
(1) It affects the design and 
rating of the coils and transformers 
used in the control; (2) it indirectly 
affects the current rating or size of 
the contacts or contactors. 

For example, a NEMA Size 2 line- 
starter can be used with a 25 hp motor 
on a 440 volt power supply; the Size 
2 contactor is rated at 50 amp and the 
motor full load current is approxi- 
mately 32 amp. If the power supply 
voltage is changed to 220 volts and 
the same 25 hp motor is reconnected 
to be used on this lower voltage, the 
Size 2 linestarter can no longer be 
used: (1) because the motor full load 
current is now 64 amp, far greater than 
the Size 2 contactor rating; and (2) 
because the contactor coil ( rated at 440 
volts) would not operate on the 229 
volt supply. A NEMA Size 3 line- 
starter rated at 100 amp must be used 
on the 220 volt system. 

The frequency of the power supply 
affects the design of all magnetic coils 
and transformers used in motor con- 
trollers. If a control is designed for 
use on a 25 cycle system, all coils and 
transformers must be replaced when 
it is transferred to a 60 cycle system. 
Coils designed for 440 volts at 60 
cycles are normally acceptable for 380 


A-C Power Supply 
15, O00 amp 
short-circuit capacity 


Magnetic 
contactor 


Overload 
relay 


Fig. 2—Another choice of control components for con- 
necting an a-c power source to a small three-phase 
motor.—(A) Block diagram.—(B) One-line diagram. 
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volts at 50 cycles, or for 220 volts at 
25 cycles, provided the iron or mag- 
netic circuits are designed four opera- 
tion on the lower frequency. 


Control Power-Flow Chart 


Logical groupings of basic control ele- 
ments that are needed to link a given 
power supply to a particular motor are 
indicated in the chart of Table II. This 
chart shows how power connections 
may be made from any power source to 
any type of motor. The data are arranged 
so that all similar types of devices are 
grouped horizontally across the chart 
For the control of a particular motor, 
any path from the power supply block 
to the motor passes through a series of 
blocks for devices that are needed to 
make a good control installation. Many 
paths can be taken, however, certain 
practical or commercial limitations 
will dictate a preferred path. 

To demonstrate the utility of Table 
Il, assume that control components 
are to be selected for the connection of 
a typical low-capacity a-c power source 
(15,000 amp short-circuit capacity ) 
to a small (for instance, 1 hp) three 
phase motor. Referring to Table II, the 
simplest combination would consist 
of a knife switch, fuses and manual 
starter with a thermal trip. These com- 


Circuit 
breaker 
with 
thermal 
trip 


Magnetic 


contactor 


Block Diagram 


Fig. 3—A modern power control system for connecting 
an a-c power source to a three phase squirrel-cage motor. 
Elements can be combined in one line starter. 


ponents are shown in Figs. 1 (A) and 
(B) in two typical diagrams. 

Other paths indicated in Table Il 
could be chosen from the power source 
to the same motor; the components 
in one such path are shown in Figs. 2 
(A) and (B). In practice, the motor 
control and overload protection are 
often put in one enclosure (called a 
motor linestarter) and the branch cir- 
cuit protection and disconnect switch 
are put in another. 

Another path in the chart yields a 
modern system that consists of a cir- 
cuit breaker, magnetic contactor and 
overload relay as shown in Fig. 3. 
These elements are usually combined 
in one enclosure and called a combina- 
tion linestarter. Since all elements are 
wired and mounted in one enclosure, 
field installation of the combination 
linestarter is less expensive than the 
installation of individual units. 

The type of enclosure usually is not 
influential in the of control. 
Factors, however, such as unusual con- 
ditions of water, dust and corrosive or 
explosive atomspheres might interfere 
with proper operation of the control. 
Protective enclosures have been classi- 
fied by the National Electrical Manu- 
facturers Association. 

For another example of the use of 


choice 


Disconnect 


Conductor 


over - current 
protection 


Enclosure 


Conversion 


Motor starter 


Motor 


acceleration 


Motor running 
over-current 
protection 


One-line Diagram 
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Table II, assume that a system for a 
particular machine is to be worked 
out; in which, a d-c shunt motor drive 
and an available 440 volt a-c power 
source with a short circuit capacity of 
less than 15,000 amp are to be con- 
nected. 

Any path on Table II from the a-c 
power source, 600 volts or under 
(short circuit current less than 15,000 
amp) to the shunt motor will include 
all the basic devices that will be needed 
to complete a circuit from the a-c sup- 
ply to the d-c motor. 

In tracing the path, however, two 
conductor-overcurrent protection de- 
vices are listed. If, according to code, 
the overcurrent device in the a-c sec- 
tion of the circuit is the same as the 
overcurrent device in the d-c section of 
the circuit, then there is no need of 
having two conductor-overcurrent-pro- 
tection devices 

The power circuit shown in Fig. 4 
for use with an a-c power source and a 
d-c motor is made up of the compo- 
nents in one of the paths of the chart. 

By using the data in this chart as a 
guide and keeping in mind all the code 
requirements, applicable controls may 
be evaluated for: Performance, de- 
pendability, installation requirements, 
maintenance provisions, and cost. 


Circuit breaker 


Magnetic 


Resistor 


Therma! 
over load 
relay 


Fig. 4—Power control circuit for connecting an a-c power 
source to a d-c shunt motor. Another circuit that is made 
up from components indicated in a path of the chart. 
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From: Allis Chalmers 


Standard Motor Torque 
and Temperature Data 


TORQUES—HIGH SPEED MOTORS 


General Purpose Motors 


| 
Power factor | Мо. 


| Starting | Pull-in | Pull-out 
of motor HP | of poles 1 


| torque, % | torque, % | torque, % 


1-200 4 110 110 150 
110 110 175 


125 | 125 200 
125 125 250 


Large High Speed Motors 


Power factor| | No. | Starting | Pull-in | Pull-out 
of motor | HP | of poles | NA. 9o | pn X | T % 
4 


1.0 | 200-500 - | 10 | 150 
| 501 & larger - | 85 | 150 


— Ó 0€ iin и t Miis 
| 200-500 | 125 200 


| 501 & larger 100 200 
| 
{ 


| 


TORQUES—LOW SPEED MOTORS 
Standard low speed motors will develop not less than the 
following torques at rated voltage: 
Starting torque 
Pull-in torque . 
Pull-out torque-1.0 Pf 
Pull-out torque-0.8 Pf 


STARTING KVA 
When starting on full voltage the starting kva in per cent 
of rated full-load kva will not exceed the following values: 


40 per cent 
30 per cent 
150 per cent 
225 per cent 


High Speed Motors 


Low Speed Motors 


300 at 1 Pf 
275 at 1 Pf 


275 at 0.8 Pf 
250 at 0.8 Pf 


257—450 rpm 
below 257 rpm 


TEMPERATURE RISE—HIGH SPEED MOTORS 


40 C Rise Continuous Rated 


Field 


Armature by resistance 


| | | Class A | Class B 
| | Thermo-| Detec- | insula- | insula- 
Power factor | Rating meter | tor ation ation 


Up to 1500 kva 40C | 
(2000 hp) | | 
Above 1500 kva | 40С | 


Unity 50 C 70 C 


(basic torque) 


| 
50 cC 70 C 


Leading 40 C 60 C 80 C 
(andallmotors | 
with » normal 
pull-out  tor- 


que) 


Up to 1500 kva 
(1500 hp) | 


Above 1500 kva | 40C 50 C 60C | 80C 


TEMPERATURE RISE— 


40 C Rise Continuous Rated 


25 Per Cent Overload—2 Hr. 


Field 


Armature by Resistance 





Thermo- By Class Class 


| 
5 By 
| meter | Detector A B 


Power Factor Rating 


| Up to 1500 kva | 
(2000 hp) 
Above 1500 kva | 


Unity 55 C 65C 
(Basic Torques )| 


55С 65С 


= т" г. Í 
Leading | Up to 1500 — 55С 
(And all mo- | (1500 hp) 
tors with | Above 1500 kva 
greater than) | 
normal pull- 
out torques) | 


end 65С 


55С 65С 


LOW SPEED MOTORS 
25 Per Cent Overload—2 Hr. 





| Armature 
— — — Field by 
Thermo- | Detec- resist- 
Power factor Rating meter | tor ance 
Up to 1500 kva | юс | soc 
(2000 hp) 


Above 1500 kva 


Unity 
(basic torque) 
50 C 


60 C 


40C 50 


Up to 1500 kva | 


(1500 Һр) | 
Above 1500 Куа 


Leda 40C 
(and all motors with > 
normal pull-out torque) | 


40C 60 C 


H22 


Field 


Armature by Resistance 


Ву ТҺег-) Bir. Cem | Class 


mometer| Detector A B 


Power Factor Rating 


Up to 1500 kva 65 cC 85 C 
(2000 hp) 


Above 1500 kva 


Unity 
(Basic Torques) 


85 C 


85 C 


65C 


65 C | 





Up to 1500 kva | 
(1500 hp) 
Above 1500 kva 


Leading 
(And all mo- 
tors with 
greater than 
normal pull- 
out torques) 


65C 85 C 
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From: Paper Presented at University of Pennsylvania 


H MOTORS, ENGINES AND CONTROLS 


Synchronous Motor Drives 


C. D. LAWTON 


Application Engineer, Motor 
& Generator Section, Power Dept. 
Allis-Chalmers Manufacturing Company 


ALTHOUGH THERE ARE SEVERAL 
TYPES of motors available for most 
drives, analysis will often dictate the 
use of a synchronous motor. Low first 
cost is sometimes a decisive considera- 
tion. Power factor correction, inherent 
in synchronous motor design, is often 
necessary where there are a number 
of small squirrel-cage motors operat- 
ing at half to three-quarters load. A 
poor power rate is the penalty for the 
resultant severe lagging power factor 
condition, poor voltage regulation and 
high line losses. Synchronous motors, 
located at strategic points on the power 
system, will balance the lagging power 
factor and improve the power system 
operation. Applications of these mo- 
tors should be made to base loads that 
are Operating continuously. 


Considerations 


Major considerations in the applica- 
tion of any synchronous motor are the 
load, the motor, and the power system. 


Fig. 1—Speed torque curve for centrifugal pump or blowers. 


Centrifuga! pumps or blowers 


TY - T — — 


There are two basic considerations 
in getting a motor driven load started: 
The speed-torque characteristics of 
both the load and the motor; and the 
load W&?. Many loads call for variable 
torque, while others require constant 
torque, or constant horsepower. Some 
loads can be started unloaded, and 
others must be started at full load. 
Wk? problems will be lacking іп 
some loads, but others will have high 
Wk? characteristics. A thorough inves- 
tigation of all the requirements should 
be made to see that proper motor 
characteristics are selected. 

Synchronous motors have starting 
torque, pull-in torque, and pull-out 
torque characteristics, and a definite 
thermal capacity. All of these factors 
have a direct bearing on the operation 
of the motor with a given load. One 
of the commoner types of load—vari- 
able torque—is characteristic of cen- 
trifugal pumps or blowers. 


Centrifugal Pumps 


Because centrifugal pumps and blow- 
ers require little starting torque, they 
are easy to get started. When started 
against a closed discharge valve the 


accelerating torque requirements are 
low. The acceleration problem is fur- 
ther simplified because centrifugal 
pumps do not have an appreciable 
We? factor. 

A typical speed-torque curve of a 
centrifugal pump or blower is shown 
in Fig. 1. Starting torque required by 
the load is about 10 to 15 per cent, 
which represents bearing friction. With 
the discharge valve closed, the load 
builds up smoothly with increasing 
speed. At full speed the torque re- 
quired is from 40 to 60 per cent of full 
load, depending upon pump design. 
Torque requirements then build up as 
the discharge valve is opened. At full 
valve opening, operating torque and 
horsepower are normal. 

On the other hand, if a pump or 
blower is started with all valves or 
dampers opened, the speed-torque re- 
quirements follow the other curve 
shown in Fig. 1. When starting with 
fully opened discharge valves, a syn- 
chronous motor must have slightly 
greater than 100 per cent pull-in tor- 
que. When applying a synchronous 
motor to this type of load, it is neces- 
sary, of course, that sufficient starting 


Fig. 2—Speed torque curve for mixed flow or screw pumps. 
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Per cent torque 





torque and pull-in torque are available. 
The speed-torque curve between those 
points must be such that the motor 
will have a smooth acceleration 
throughout the starting period. When 
the motor speed-torque curve is super- 
imposed upon the load curve, there 
must be sufficient excess motor torque 
to accelerate the load to full speed 
within a reasonable length of time. The 
acceleration period may be anywhere 
from 5 to 15 seconds, depending upon 
the load characteristics and the load 
Wf”. When the motor reaches approx- 
imately 95 per cent speed, excitation is 
applied, and the motor pulls into syn- 
chronism and operates at synchronous 
speed. 

Usually in a centrifugal pump drive, 
the motor accelerates very rapidly; 
while the blower, with more Wê, has 
a longer acceleration period. The en- 
ergy consumed during the starting pe- 
riod must be absorbed and dissipated 
by the thermal capacity of the motor, 
and so long starting periods are not 
recommended. A motor designer must 
design for sufficient thermal capacity 
so that the squirrel-cage or damper 
winding on the rotor will not overheat 
and be damaged. 

The life of a damper winding is 
largely determined by the number of 
starts it has to make. The type of load 
determines the type of damper winding 
that will be used, and only careful en- 
gineering will insure that the damper 
winding does not fail or have its life 
shortened. 

Fan drives require more horsepower 
and torque when starting with cold 
gases than they do with heated gases. 
This point, if overlooked, could cause 
trouble during the starting period. 
Also, fan or compressor drives often 
have a high W'£?, which serves to 
complicate the starting problem. 


Mixed Flow Pumps 


Mixed flow or screw pumps often 
operate with no valves in the system. 
Speed-torque characteristics are some- 
what different from those of a centrif- 
ugal pump. Fig. 2 shows the speed- 
torque characteristics of a typical mixed 
flow or screw pump. The pump start- 
ing torque is about 10 per cent. The 
full-speed torque against a closed dis- 
charge valve is about 200 per cent. It 
is evident that the starting load cannot 
be eased by starting against a closed 
valve. If a discharge valve should be 
closed at the time of starting, it must 


H24 





Constant — — 
Torque 
/. Piston pumps 
|. 2. Rubber mills 
3 Bonbury mills 


Per cent motor speed-rpm 








Per cent torque 


Fig. 3—Speed torque curve for piston 
pumps, rubber mills and others. 


be opened before the motor accelerates 
very far along its speed-torque curve. If 
the valve were not open, the motor 
would undoubtedly not be able to pull 
into synchronism, and severe overheat- 
ing would result, unless incomplete 
starting sequence relays took it off the 
line. 

If there are no valves in the pump 
system, the load and motor torque are 
100 per cent at full speed, and a syn- 
chronous motor must have somewhat 
greater than 100 per cent pull-in torque 
to synchronize. To reduce the pull-in 
torque requirements, air is sometimes 
pumped into the system before start- 
ing. There is usually no load WA? 
problem with this type of pump drive. 


Rubber Mill Drives 


Rubber mills are representa- 
tive of constant-torque drives, and 
these also include piston pumps and 
Banbury mixers. Other industrial loads, 
such as conveyors or crushers, have 
this approximate characteristic, but 
these are not usually driven by syn- 
chronous motors. The speed-torque 
curve of this type of drive remains 
about constant over the entire range 
from zero speed to full speed. Actually, 
the load-torque curve may vary some- 
what from the constant-torque curve, 
but for all practical purposes the drive 
is considered as constant torque. 

The speed-torque curve of a con- 
stant-torque load is shown in Fig. 3. 
Starting torque greater than 100 per 
cent would be required to start this 
type of load, and that better than 100 
per cent pull-in torque is necessary. 
The speed-torque curve is simply a 
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Fig. 4—Speed torque curve for ball 
mills and similar units. 


straight line between these two points, 
and in the application of the synchro- 
nous motor, its speed-torque curve 
must also have sufficient excess torque 
to accelerate the load to operating 
speed within a reasonable time. 

In many rubber plants, motors for 
driving Banbury mixers and mill rolls 
or plasticators are designed to have 
the same torque characeristics so that 
the motors will be interchangeable. On 
this basis, the starting torque of a syn- 
chronous motor may be 130 per cent, 
with a pull-in torque of approximately 
120 per cent. Due to the high overload 
requirements, especially for Banbury 
mixers, the pull-out torque should be 
250 per cent. There is usually no Wê 
problem with rubber mill drives. 

A Banbury mixer or mill roll drive 
is a good place to locate a synchronous 
motor, since these are base load drives. 
That is, they operate continuously as 
long as the rubber plant is operating, 
and serve to correct the lagging power 
factor of the many induction motors 
also used in the rubber making process. 

Some of the older synchronous mo- 
tors may have irregular speed-torque 
curves or curves with negative dips, so 
that when applying a motor from one 
drive to another the design character- 
istics must be taken into consideration. 


Grinding Mill Motors 


There are many different types of 
grinding mills in industry, including 
ball, tube, rod, and slug mills, and vari- 
ations of these. Because they usually 
represent a base load, the larger mills 
practically always use synchronous 
motors for their operation. 


Product Design Handbook Issue 





| I 
xnl Line shoft such 


| machine shons with belt drive 


Unloaded- started | 
when hot .— 


Per cent motor speed-rpm 





Per cent torque 


Fig. 5—Speed torque curve for line shafts. 


Grinding mills are considered rep- 
resentative of constant-torque load, al- 
though the ball mill speed-torque curve 
shown in Fig. 4 shows that this is not 
strictly true. A grinding mill has a 
very high starting-torque requirement, 
with torque falling off immediately 
after starting and during acceleration. 
At about 85 per cent speed the torque 
requirement is greater than normal 
running torque. As a result, a motor 
must be applied that has torque to 
start and synchronize the mill load and 
still have sufficient excess torque during 
the acceleration period to reach full 
speed within from 8 to 10 seconds. 

Grinding mills represent one of the 
most difficult of all starting conditions. 
This is especially true where mills have 
been shut down over a weekend or 
long enough so that the heavy charge 
has squeezed out all the oil between 
the journal and the bearing surfaces, 
leaving metal-to-metal contact. This is 
sometimes aggravated by thickening of 
lubricating oil because of low morning 
temperatures in northern winters. 

If a synchronous motor is directly 
coupled to the mill it must have at 
least 150 to 200 per cent starting 
torque. Motor pull-in torque must be 
from 120 to 150 per cent to pull into 
synchronism. This wide range in start- 
ing and pull-in torque results from line 
voltage dips which usually occur dur- 
ing the starting period, and also upon 
pre-lubrication of mill bearings. 

Mill motors are often in the 1,000 
hp class in the cement and mining in- 
dustries, and power systems may not 
allow full-voltage starting to develop 
sufficiently high starting torque to start 
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the mills. Some form of starting must 
be used in such instances that will limit 
the starting kva. Special motors with 
high starting torque and low starting- 
current characteristics can be used. One 
of these is a motor with special wind- 
ings that can start as a wound-rotor 
induction motor, and synchronize with 
the line as a synchronous motor when 
excitation is applied. Or a standard syn- 
chronous motor with at least 175 per 
cent pull-out torque can be used with 
a magnetic clutch. It is then possible 
to start the motor without load at re- 
duced voltage and with low starting 
kva, bring it up to speed, and synchro- 
nize with the power system. The load 
is then picked up by energizing the 
magnetic clutch. The line load in this 
instance is limited by the 175 per cent 
pull-out torque of the motor. 


Line Shaft Drive 


Line shaft drives represent another 
type of starting duty which is similar 
in some respects to that of a grinding 
mill Typical examples are machine 
shops and flour mills, where the entire 
equipment in a mill is driven from 
one motor. Machine shops having 
smaller power requirements would un- 
doubtedly use an induction motor, but 
a flour mill which may require from 
500 to 1000 hp will invariably use a 
synchronous motor to benefit from a 
better power rate, because of approx- 
imately unity power factor operation. 

Two flour mill line shaft speed- 
torque curves are shown in Fig. 5, one 
with starting conditions warm and an- 
other illustrating cold starting condi- 
tions, both with the mill unloaded. 


1955 


40 
Per cent torque 


torque curve for high Wk? loads. 


Many of these mills are located in 
the plains area where winters are cold, 
and after a weekend shutdown the 
bearing lubrication of the line shafting 
is poor and belts are stiff, tending to 
produce a difficult starting condition. 
Such a cold start would require a start- 
ing torque of 140 to 150 per cent, and 
an available motor-starting torque of 
at least 175 per cent. The actual run- 
ning horsepower under such a condi- 
tion may be greater than full-load re- 
quirement, even when the mill is not 
grinding. As the belts warm up and 
become flexible, and bearings become 
warm and lubricated, the horsepower 
will drop in this unloaded condition to 
30 to 40 per cent of the total mill load. 
To successfully couple a synchronous 
motor to a line shaft, it is necessary 
that the motor have a very high start- 
ing torque, a high pull-in torque, and 
a normal pull-out or overload torque 


High Wê” Loads 


Another type of load found in indus- 
try is one with a high inherent WAP, 
such as a hammermill drive, Fig. 6, a 
large rockcrusher with flywheel, a cen- 
trifugal compressor, a fan or a wood 
chipper drive. Although actual load 
torque requirements for starting con- 
ditions are usually quite low, motor- 
torque requirements may be high be- 
cause of the acceleration problem. It 
must be remembered, with reference to 
these drives, that the kinetic energy 
stored in the flywheel must be taken 
from the motor, and if the starting 
period is prolonged or too severe the 
motor will overheat and fail. 
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Install Chrysler industrial Engines 


... best-engineered, most-economical answer to your power problei 


Chrysler Power is the dependable, economical, lightweight. 
answer to your high-speed or high-torque power require- 
ments. Within their power ranges, each Chrysler Industrial 
Engine is a leader in the field and is recognized as such by 
manufacturers of almost every type of self-powered 
equipment. 


Check these specifications and performance data. Note 
the optional equipment which can be factory supplied or 
installed to meet the particular requirements of your 


САК > a 


انود 
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Chrysler Open Power Units. The open power 


units for all engines include the complete 
engine, skid base, radiator, instruments and 
instrument panel, flywheel and flywheel 
housing. Open power units for V-8 Models 
ind. 52 and 56 (pictured), include twenty- 
five gallon fuel tonk, 


Chrysler Industrial Model 
56 V8 Engine, 331 Cubic 
Inches Displacement 
(Front End Chain Drive) 


GENERAL SPECIFICATIONS W. Y1? 


No. of Cylinders 
Type of Engine—4 Cycle 


Bore — Inches 


Chrysler Enclosed Power Units. The enclosed 


power units hove the complete engine, fuel Stroke — Inches 


tank (Models Ind. 30, 31, 32 and 33— 
sixteen gallon. Models ind. 52 and 56 
—twenty-five gallon), storage battery, in- 
struments and instrument panel, flywheel, 
flywheel housing, skid base and completely 
enclosing sheet metal. 


Crankshaft — Bearings 


Camshaft Drive 


Optional Equipment — Chrysler Engines 


Chrysler Industria! Torque Converter 
Chrysler gyrol Fluid Coupling 

Three, Four or Five-Speed Transmission 
Twelve or Twenty-four Volt Electrical 
System 

Distillate, Propane or Natural Gas 
Burning Corburetor 

Over-Center Clutch and Power Take- 


Offs Spark Plug— Size 


Vertical or Horizontal Magnetos 


Flexible Coupling for Truck-Type 
Flywheel 


Radio Shielding and Ignitors 
Heavy-Duty Oil Both Air Cleaners 


Safety Switches (Low Oil Pressure, High 
Water Temperature) 


Corrosion or Fungus Resistant Electrical 
System 


and Current Control 


HORSEPOWER 


Displacement —Cu. In. 
Compression Ratio 
Valves— Arrangement 


Pistons — No. Rings 


Camshaft — Bearings 
Crankshaft — Bearing Diameter 
Lubrication — Type 

Lubrication — Type Oil Pump 
Lubrication — Oil Capacity Qts. 
Ignition — Battery Type 


Starting — Elec. Type 
Gen. Reg.—Full Voltage 


6 
— — 


Gen. Reg.—Full Voltage 


Carburetor — Type Down-Draft 


Weight— Approx. (Lbs.) 


equipment in the field. Whether equipped for Gasolir 
Distillate Fuel, Propane or Natural Gas operation, Chrysl 
Industrial Engines offer definite advantages... perforr 
ance, ease of maintenance, fast parts service, low initi 
and operating costs. 

See the dealer nearest you, or write for comple 
information. Dept. 2410, Industrial Engine Division, Chrysl 
Corporation, Trenton, Mich. 


Chrysler Industrial Model ` 
Engine, 265 Cubic ind 
Displacement 

(Front End Gear Drive) 


MODELS 


Ind. 30 And. 52 _ 


6 
Gasoline 
3% 3% 
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4 
Silent Chain Gear 


2/4" 


L TM 1nd. 86 


Gasoline 


3'% 


Gasoline 
3% 
3% 
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Gasoline Gasoline 
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5 
Silent Chaini 
5 

22" 2%" 2/4" 


Press. 


Silent Chain Geor Silent Chain 
2/4" 
Press. 
Rotor 


5 
Yes 


Rotor 


àjo 
xis 


14 mm 


45 Amps. 


6 Volt 6 Volt 6 Volt 


45 Amps. 45 Amps. 45 Amps. 


Yes Yes Yes 


Down-Draft Down-Draft 


Yes 


Specifications subject to change without notic 


Down-Draft Down-Draft 


Ye 


5 


Yes Yes 
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“ze CHRYSLER INDUSTRIAL ENGINES 


WITH A PEDIGREE INDUSTRIAL ENGINE DIVISION 


CHRYSLER CORPORATION 





CHRYSLER 
IND. 30 


(Front End Chain Drive) 


—HWL.. Ind. 30 Engine powering 
a Mobile Cement Mixer 


CHRYSLER 
IND. 31 


(Front End Gear Drive) 


n 

| TE] Imdustrial Lift Truck 
powered with Chrysler 
Ind. 31 Engine 


CHRYSLER 
^ IND. 32 


(Front End Chain Drive) 


bd i Farm Combine powered 
or 77 with Ind. 32 Engine 


CHRYSLER 
IND. 33 


(Front End Gear Drive) 


Ind. 33 Engine powers 
a Crane 


'ERFORMANCE DATA 


CHRYSLER 
IND. 52 


(Front End Chain Drive) 


/ 

L a), Portable Orchard Sprayer 

2 powered with Ind. 52 
Engine 


| Quad Power Unit powered 
2 with four Ind. 56 Engines 


—— 


Industrial 30 Base Engine 


RPM 

Dyna. BHP 
Cont. BHP 
Dyna. Torque 
Cont. Torque 
Spec. Fuel 


Industrial 31 Base 


RPM 

Dyna. BHP 
Cont. BHP 
Dyna. Torque 
Cont. Torque 
Spec. Fuel 


RPM 

Dyna. BHP 
Cont. BHP 
Dyna Torque 
Cont. Torque 


Spec. Fuel 


Dyna. BHP 
Cont. BHP 
Dyna. Torque 
Cont. Torque 
Spec. Fuel 


Industrial 52 Base Engine 


RPM 

Dyna. BHP 
Cont. BHP 
Dyna. Torque 
Cont. Torque 
Spec. Fuel 


Industrial 56 Base Engine 


RPM 

Dyna. BHP 
Cont. BHP 
Dyna Torque 
Cont. Torque 
Spec. Fuel 


Width 2014” 
Length 32%.” 


Width 2014” 
Length 327" 


Width 2054" 
Length 347%,” 


Width 2054" 
Length 3424 


” 


Width 29%." 
Length 3275" 


Width 28'%." 
Length 33%" 


CHRYSLER 6 IN-LINE ENGINES 


Height 32" 
Weight 575 Ibs. (approx.) 


3200 


Height 32” 
Weight 610 Ibs. (approx.) 


Height 327%" 
Weight 740 Ibs. (approx.) 


Height 32?" 
Weight 760 Ibs. (approx.) 


CHRYSLER V-8 ENGINES 


Height 3434" 
Weight 591 Ibs. (approx.) 


Height 35'4” 
Weight 845 Ibs. (approx.) 


CHRYSLER INDUSTRIAL ENGINES 


INDUSTRIAL ENGINE DIVISION * CHRYSLER CORPORATION 





21 HOMER AVENUE 


TIMING 


Minimum friction 
on rotor bearings 


Shading coil 


For automatic devices, instruments, control 
equipment—wherever time is a factor in product 
performance—Telechron Synchronous Timing 
Motors are your best assurance of dependability. 


Telechron motors are CONTINUOUSLY ACCURATE 
. because they’re true synchronous motors with 
one rotation for every cycle of the alternating cur- 
rent source. Lightweight rotors enable virtually 
INSTANT SELF-STARTING . . . reach full speed in 
approximately 3 cycles. All gears and bearings 


UTC 


LEADI RSHIP 


Hobbed gears 


Continuous 
lubrication 


Controlled 
lubrication of 
terminal bearing 


Sealed rotor unit 


oil reservoir sealed into the dust-free rotor unit. 


With Telechron motors, you get the benefit of 
dependable Application Engineering Service. En- 
gineering specialists in timing problems study 
your requirements . . . torque, temperature limits, 
running period, etc. . . . recommend the motor 
best suited, and at lowest cost. 

Write today for complete catalog and appli 
cation data sheet. Telechron Motors, Clock and 
Timer Department, General Electric Company, 


are PERMANENTLY LUBRICATED . . . by a generous 21 Homer Avenue, Ashland, Massachusetts. 


SPECIFICATIONS 


Speeds Rated — — Net | зм 
Rotation input (inches) (az) Wt. (ibs. 


2-11/64 x 2-3/4 x 1-9/32 


2-17/64 x 2-3/4 x 1-63/64 


2-11/64 x 2-3/4 x 1-7/16 


2-5/16 x 2-1/2 x 2-11/32 


3-3/8 x 3-17/32 x 2-27/32 
3-3/8 x 3-3/4 x 3-3/4 


1 rev. in any of following periods: 
Minutes—5, 15, 30, 60 

Hours—1, 2, 3, 4, 6, 8, 12, 24 
Days—1, 2, 3, 7, 14, 30 


3-1/2 x 3-1/2 x 2-11/16 


* Standard direction of rotation facing terminal shaft end—clockwise, except for IM-9 which is counter-clockwise. Reversible 
rotation available in some models. 


* * |ntermittent maximum peak torque 104 dependent on duty cycle 


* * * Type IM-9 provides a totally enclosed circular -gear train. Adaptable to most instrumentation and especially for chart drives. 
Has special backlash eliminators. 
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FORD “134” 


FORD “172” 


* 
ONLY FORD OFFERS 
4-6- and VS Overhead Valve 
Short Stroke Industrial Engines 


FOR '56—A FORD EXCLUSIVE! 
Every Industrial Engine 

is of Short Stroke Design! 
New Ultra-modern Overhead- 
Valve Construction! Years 
Ahead in Engineering! 

Engines That Give Power- 
Packed Performance... 
Economical to Operate 


» » . Last Longer 


INDUSTRIAL ENGINES 


AND POWER UNITS 


e For '56—every Ford Industrial 
Engine and Power Unit is Short 
Stroke! These vastly superior en- 
gines are available to you in 4- 6- 
or V-8 cylinders and in displace- 
ments from 134 to 332 cubic inches. 
Only Ford offers all engines with 
Short Stroke design—engines that 
have large cylinder bores and short 
strokes for low piston speeds. And, 
because of such short piston travel, 
friction is cut, wear is reduced so 
that engines last longer! 


Tests prove that, in their respec- 
tive displacements, Ford engines 
deliver more power on less fuel. 
If you plan to modernize your 
equipment be sure to get the most 
modern power available—Ford 
Short Stroke Industrial Engines. 


SPECIFICATIONS OF FORD INDUSTRIAL ENGINE 
AND POWER UNITS 


INDUSTRIAL ENGINE DEPARTMENT 


FORD Division of Ford Motor Company 


P. O. Box 598, Dearborn, Michigan 
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FORD Foot Mounted 
Power Unit 


FORD Skid Mounted 
Power Unit 
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HAYDON 


AT TORRINGTON 
1 


^ 


HEADQUARTERS FOR 
INTO 


INJECTS IMPROVED PERFORMANCE 


ТІМІНЄ "о ° 
HAYDON TIMING MOTORS 


BASIC, STANDARD DUTY 


The 1600 Series is the basic motor 
of the HAYDON line. This motor 
offers dependable performance, 
small size, total enclosure, opera- 
tion in any position, controlled 
lubrication, simple assembly and a 
wide range of standard speeds 
from 60 to 1/60 rpm. Can be sup- 
plied to military specifications. 


HEAVY DUTY, SLOW SPEED 


The 3100 Series motor consists of 
the basic HAYDON motor and a 
heavy-duty gear train in a round 
housing. Designed for applications 
requiring higher torque atf slow 


Shaft speeds, this unit is particu- 
larly suitable for chart drive use in 


recording and control instruments 


Standard speeds from 1 hour to 14 
days per revolution. 


400 CYCLE 
HYSTERESIS- TYPE 
The 6700 Series 400 cycle timing 


motor is an hysteresis type syn- 
chronous timing motor, essentially 
{ two phase. It is furnished with 
capacitor for self starting operation 
IJ on single phase. Variations in tem- 


perature, voltage and heat do not 
affect timing, which is as accurate 


as the frequency control. 


CLOCK 


HAYDON 


ROUND MOVEMENT 

Compact round movement only 3” 
in diameter for use where space is 
at a premium, as in certain novelty, 
household and advertising clocks. 


WRITE FOR FREE 





LIGHT DUTY, SLOW SPEED 


The 4400 Series offers very slow 
output shaft speeds from 6 hours to 
1 week for all normal duties. This 
motor is unique in providing the 
speed range available in such small 
space, with totally enclosed gear- 
ing, at comparatively low cost. 
Affords many possibilities for eco- 


nomical design without resort to 
the bulk and expense of external 


4400 


reduction gearing 


D-C, REVERSIBLE 

The HAYDON 9200 Series D.C 
motor for timing applications is 
designed for operation from 6 to 
30 volts. It can be supplied uncali- 


brated for use with external resist- 
ance or calibrated with resistance 


type leads. 
D-C, RF FILTER 

The 9250F Series D.C. motor pro- 
vides the more uniform torque and 
speed characteristics of a unit 
wound for 28 volts, and hasan R F 
Interference filter. The current and 
power drain is lower and no cali- 


bration is required. 


ALL HAYDON TIMING 
MOTORS 

are totally enclosed and can be 
operated in any position. Write 
for free "Haydon Electric Timing 


Motors” catalog 


MOVEMENTS 


RECTANGULAR 
MOVEMENT 
Features completely enclosed con- 


struction and easy installation. Back 
eorlug or center 


or bottom set, 
mounting, choice of various arbor 


groups and sizes. 


CATALOG = 


"HAYDON ELECTRIC CLOCK MOVEMENTS” 
Product Design Handbook Issue 


-- Your product’s performance depends on the performance of all 


its component parts. 
When product specifications call for TIMING MOTORS — TIMING DEVICES — or CLOCK MOVEMENTS 
build in extra dependability by specifying HAYDON precision timing instruments. 
Both HAYDON standard and custom-designed units are properly engineered and buyer-opproved for accuracy and dependability 

. long-life coupled with minimum maintenance . . . adaptability to any operating position . . . correct- 


The Haydon Manufacturing Company specializes in the design and mass production of custom-engineered timers for volume appli- 


of operation . а 
ness of design vital to reducing installation costs . . . plus, meticulous mass-production methods, when volume is required, 
cation. HAYDON Timers for clothes driers, milk pasteurizers, dishwashers, and defrosters illustrate a few examples of HAYDON 


offering even greater savings. 


400 CYCLE ELAPSED TIME 


INDICATOR 

The 7008 Series Elapsed Time Indi- 
cator is designed specifically for 
400 cycle operation in airborne 
equipment. Barrel diameter is 
1.525", length 2-45/64", weight 6 
oz. Power consumption is less than 
3 watts and it indicates in units of 
tens of hours up to 10,000 and 


repeats, 


HERMETICALLY-SEALED 
TIME DELAY RELAYS 

The 5103 Series Time Delay Relay 
is an hermetically sealed timer for 
military applications. It can be sup- 
plied for 60 or 400 cycle A.C., or 
D.C. The use of a relay coil for 
switching operation imposes a min- 
imum load on the motor which is 
assigned fo its true function as a 


time standard. 


FIXED INTERVAL REPEAT 


CYCLE TIMERS 
The 5800 Series Timers offer 
extreme flexibility and adaptabil- 
ity for timing problems requiring 
continuous repeat cycling, or sin- 
gle cycle operation to be initiated 
by an external circuit. These 
| HAYDON timers are built up by 
various combinations of motors with 
adjustable, blank or specially 
designed cams operating a series of 
precisica snap switches. 


custom-engineered and mass-produced units. 
HAYDON' TIMING DEVICES 
60 CYCLE ELAPSED TIME 


INDICATORS 

The 5700 Series Elapsed Time Indi- 
cators provide simple, compact and 
accurate metering of elapsed time | 
for 60 cycle operation. They are 
designed for use as inexpensive 
components for «3vipment requir- 
ing register of total operating or 
job time, or with existing machinery 


and devices, 


RESETTABLE TIME 
DELAY RELAYS 

The 5900 Series Time Delay Relays 
provide time delay or interval tim- 
ing in various ranges up to 10 min- 
vies for such applications as the 


protection of power tubes, or tim- 
ing portions of a complete cycle of 


operation. 


HEAVY-DUTY 


INTERVAL TIMER 

The 8006 Series is a rugged, heavy- 
duty interval timer for general 
commercial, industrial and appli- 
ance applications. Construction is 
the simplest possible, for low cost 
end long life, consisting basically 
of a standard HAYDON synchron- 
ous motor driving through external 


reduction gearing a notched cam 
to operate a heavy switch, with a 
friction to permit setting. 8006 


Write for Free “Haydon Electric Timing Devices” Catalog 


There is a factory-trained HAYDON Field Engineer in your area 
— a timing specialist with the answers to your timing questions. 


Write us today for his name and location. 


HAYDON Manufacturing Co., inc. 


Subsidiary of General Time Corp. 
300 ELM STREET, TORRINGTON, CONN. 


*Trademark Reg. U.S. Pat. Off. 


HAYDON 
AT TORRINGTON 
HEADQUARTERS FOR 


TIMING 
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Leland offers you Î There’s an “extra-quality” 


a complete line of extra quality, 


standard and special motors, LELAND MOTOR 


from 1/6 to 5 hp. 


for practically every motor need 


Leland standard horizontal 
explosion-proof motors, V4 to 5 hp, 
ball bearing, externally fan cooled, 
Underwriters’ Approved for 
Class 1, Group D 


Whatever your motor requirements, whether stand- 
ard or special, you can depend upon a famous-for- 
quality LELAND motor to serve you perfectly... 
now ...and for a long time to come. 


For all LELAND motors are built not merely to meet, 
Lelond's reframing program but to surpass specifications—to give you the kind 


4. a . . 
will soon extend from % through 10 hp drip-proof, of performance that assures complete satisfaction. 
enclosed, or explosion-proof motors. 


2 hp polyphase drip-proof, 180 series, shown. 


This superiority is typified by LELAND explosion- 
proof motors. For ever since Leland introduced the 
first explosion-proof motor to meet Underwriters’ 
requirements—over 30 years ago— LELAND gasoline 
dispensing pump motors have outsold all others 
combined ! 


You'll find this same superiority of design and con- 
struction in LELAND motors for nearly every type of 
application— AC or DC, single phase or polyphase, 
drip-proof, totally enclosed, or explosion-proof. 


d 


= Ё Look into the LELAND line. Contact your 
! К 1 А h D f nearest authorized LELAND representative, or write 
THE LELAND ELECTRIC COMPANY, 
Division of American Machine & Foundry Company, 
Dayton 1, Ohio 


MOTORS 


In Canada: Leland Electric Canada, Ltd., Guelph, Ontario 
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THE ALLEN- BRADLEY LINE 


Bulletin 350 Bulletin 640 Bulletin 646 
Wide variety of drum con- Manval resistance Manual avutotrans- 
trollers up to 500 hp starter former starter 


Bulletin 600 Bulletin 609 
Starters for frac. hp motors. Auto- Manual across- 
matically stop overloaded motors the-line starter 


AUTOMATIC CONTROLS m sto TTS _ COMBINATION STARTERS 


Bulletin 709 Bulletin 712 Bulletin 713 


Starters up to 300 hp, 220 v; With manual With 
600 hp, 440-550 v disconnect circuit breaker 


AUTOTRANSFORMER STARTERS 


Bulletin 700 Bulletin 702-704 


Over 300 types of solenoid Full line of solenoid contactors 
relays—1 to 8 poles in 9 sizes up to 900 amperes 


Bulletin 715 Bulletin 740 ` Bulletin 742 Bulletin 746 
Stepless automatic Automatic reduced voltoge 


resistance starter autotransformer starter 


Bulletin 705 
Reversing switch with Multi-speed starters 2-Step automatic 


overload relays for 2, 3, & 4 speeds resistance starter 


ACCESSORIES 


» 


L j | 

Bulletin 848 Bulletin 849 Bulletin 850 Bulletin 802 Bulletin 802T Bulletin 800-800T Push Buttons 

Dashpot Pneumatic Motor-driven Limit Oiltight limit Hundreds of standard, heavy duty, and oil- 
tigh* push buttons, and pilot lights 


timer timer timer switch switches 


For complete information Allen-Bradley Co. 
1329 First St. 


on the Allen-Bradley line, 
please write for the A-B SOLE Milwaukee 4, Wis. 
In Carado— 


120-page Handy Catalog. Allen-Bradley Canada Ltd. 
Galt, Ont. 
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POWER GIANT 


INDUSTRIAL ENGINES and POWER UNITS 








POWER GIANTS are especially adapted to industrial power uses where 
rugged performance is a must. They combine “proven -in - action" 
features that give Willys POWER GIANTS outstanding low maintenance 
and high efficiency characteristics. The "F" head design develops more 
power than any engine of its weight and displacement, and the “L” 
head is among the highest in its class. Both are rugged, versatile 


performers. 


TWO MODELS: Jeep: Model L-4 and Lightning: Model L-6 


Sturdy engines with both intake and exhaust valves in block. Suited to 
all stationary or mobile power needs in their respective power ranges. 





ONE MODEL: Hurricane: Model F-4 


Top power producers with intake valve in head and exhaust in block. 
Unusually good breathing qualities result in constant high torque that 
gives plenty of power right up to maximum rpm. Valuable where 
extra lugging power is required. 





a ..|:| POWER UNITS — Here is a complete, attractive pack- 
Наж: age that houses any one of three POWER GIANT Engines. 
=== Easily accessible with hinged top section and removable 
side panels. Includes radiator, gas tank, power take- 
off, governor, engine complete for operation. Other 
proven Willys accessories are available. 


WILLYS "ENGINUITY". . . Whatever your engine problems or require- 
ments, Willys engineers will apply their "Enginuity" to fit the Willys 
POWER GIANT to your needs. - ` 


Send for detailed technical literature 
on 4 and 6 cylinder Engines and 
Power Units. 


INDUSTRIAL ENGINE DEPARTMENT 
1440 North Cove Blvd B Toledo, Ohio 
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IMERKLE-KORFF fractional horse power 
geared motors provide high torque with com- 
pactness and dependable operation. The illus- 
trations show a few of the practically unlimited 
number of types and mounting arrangements 
available. This great flexibility eliminates many 
design problems when incorporating this drive 


unit in a product or process. 


MERKLE-KORFF motors may be either induc- 
tion, synchronous, series or shunt—either uni- 
directional or reversing. Speeds are in the order 
of 800 RPM down to any fractional speed re- 


quired. 


The gear case is sealed and lubricated. The 
gears are all precision cut. There are no stamped 
or cast gears in a MERKLE-KORFF unit. All 


steel gears are heat treated. 


MERKLE-KORFF design engineers are ready to 
assist your staff in providing a drive unit with 


the right speed and torque for the job. 


Eastern Representative: EDWIN M. BOND Western Representative: 
Box 333, Rumson, N. J, 1412 S. Los Angeles St., Los Angeles 14 Calif. 





fractional 


TYPE N MOTOR 


Available in three basic sizes. 
Smallest motor is 394" in diameter, 
largest is 5a". Almost any type of 
winding. Standard ratings from 
1/150 to 1/6 hp at 1725 rpm. 
Used on such devices as blowers, 
pumps, coin-handling equipment, 
communication equipment, 
therapeutic devices, sound-recording 
and reproducing equipment, and 
machine tools. 


WITH SPEED REDUCER 


WITHOUT SPEED REDUCER 


TYPE K-2 MOTOR 


Without speed reducer: Normal 
60-cycle output ranges from 
1/2000 hp to 1/500 hp on 


continuous duty. With speed reducer: 


Drive-shaft speeds ranging from 
300 rpm to ! rpm and with torque 
ratings of 1.3 in. oz to 110 in. oz, 
respectively. The Type K-2 motor 
(which is 2%” high) is especially 
adapted to use on instruments and 
timing devices. 


TYPE U MOTOR 


Available in 1/20 and 1/15 hp, 
at 1725 rpm, and 1/30 hp, at 
1125 rpm. Diameter 4%”. 
Split-phase construction. Resilient 

mounting for quiet operation. 
Thermal overload protection. For 
use in office machines, automatic 
phonographs, circulating pumps, 
air-conditioning equipment. 
Available only in standard 
construction and on quantity orders. 


( 
в 
1 
ч 
Attractively priced. ё 
т 
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SPEED REDJCER MOTORS 
о 


TYPE VCF-12 MOTOR 


Normally supplied with series 
windings having variable-speed GROUP 1 GROUP 4 


characteristics and nominal speed : Р 
of 5000 rpm. Compact (2'4” high), Designed to transmit low torques. Double worm-gear reducer for 
generous power, lightweight, small Height, 3%”. transmitting high torques at low 
enclosure. Operates such devices as speeds. Height, 674". 

adding machines, calculating 

machines, check protectors and 

motion-picture projectors. Available 

only on quantity orders. 


TYPE K-4 MOTOR 


Ratings 1/60 to 1/20 hp. Speeds 
1725 or 3450 rpm. Height and GROUP 2 GROUP 7 


width of 2%”. Capacitor or split 
phase construction. Constant speed, Designed to deliver moderate Rugged reducer for driving heavy 


quiet operation, no radio inter- torques. Height, 434". loads continuously. Ample reserve 
ference, light weight and 5 mounting for overloads. Height, 7%”. 
arrangements make it ideol for Eight different windings. 

office machines, movie projectors, 

automatic phonographs, etc. 

Available only on quantity orders. 
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DISTRICT AGENTS 


BUFFALO 21 
S. E. Shea, 5469 Main St 


CAMBRIDGE 39 
W. A. Black, 686 Massachusetts Ave 


CLEVELAND 3 
W. R. Uffelman, Rm. 216, 4500 Euclid Ave. 


DALLAS 6 
General Power Equipment Co., 4515 Prentice St. 


DETROIT 27 
» C. D. Miller, 14511 Puritan Ave 


KANSAS CITY 6 
T. Pellmounter, 903 McGee Street 


SERIES WOUND LOS ANGELES 13 
H. M. Holl, 406 So. Main Street 
MOTOR PARTS MINNEAPOLIS 4 
к К . C. Joc Fr i ` 
SET includes: Field core and coil GROUP 3 аа pests dire 
— armature, I and Single-reduction, worm-gear H. C. Mayorga, Rm. 1437, 55 West 42nd Street 
— parts, a age 4 reducer, designed for transmitting ROCHESTER 14 
SIZE: Diameters to B. ound to moderate torques. Height, 47%". A. F. Zissler, Reynolds Arcade Bidg 
order for all fractional horsepower SYRACUSE 2 
ratings. APPLICATION: Portable H. H. Cardozo, 218 W. Harrison Street 
power tools and appliances. SAN FRANCISCO 3 
Available only on quantity orders. J. F. Cady, Rm. 621, 995 Market Street 
CANADA 
Montreal-Head Office 
Renold Chains Conada, \td 





DD 

Double biowers for applications requiring 

100 CFM of free air, as in laboratories, D 

kitchens, refrigeration units, air condi- ` A rugged and dependable little unit for 
tioning equipment, large photo darkrooms general use and medium speed applications, 
and for furnace draft boosters. Powered which will operate for years with a mini- 
by Type D shaded pole induction motor. mum of attention. Ideal for pumps, fans, 
Require infrequent oiling. Non Radio in- ‘ advertising displays, brooders, space heat- 
terfering. Normally furmshed with outlet ers, etc. 1/100 to 1/200 HP. 115v, 60 
mounting flange but con be had with o cycles in either CC or CCW rotation. Con 
flat strap bracket and an outlet damper. be had for other voltages or 50 cycle oper- 
For 115v AC, 60 cycles (other voltages ation. Ventilated cases, flot strap mount- 


or frequencies on request). 35 watts at ing bracket, junction box welded to case 
3100 RPM (free air) on 115 volt source. ond Elkey connector avoiloble. 


DS. Single blower, with oll the advantages of Type D$ 
DD, but approximately half the air delivery. 115v, 60 

cycles. For CW and CCW operation. 35 watts at 3150 100 
RPM on 115 volt line. Regularly supplied with inlet teristics as Type D motors. The shaft is 

screen ond outlet flange, but can be hod with inlet concentric with the OD, thus making 

damper, inlet mounting flange, “L” type bracket or — a simple problem. Elimination of 

flot strap bracket. case makes them very economical. tp 


SA-1 SA-2. 2-pole skeleton frame motors, 
1/100 to 1/200 HP. Have the same charac- 


1 


Most completely developed line of Heinze 
10 ZRD shoded pole induction motors. 1/200 to 1/50 


Powered by sturdy, low speed type 
"Z" shaded le induction motor. 
354° balanced air rotors with slow 
speed minimize air noise. 115v, AC, 
60 cycles. 45 watts, 1650 RPM (free 
oir.) Available for 230 volts or 50 


HP. Ten standard sizes. High or low startin 
torque. Speed ranges from 1400 to 17 

RPM. Normolly furnished for 115v, AC, 60 
cycles. CW and CCW rotation. (Other volt- 
ages and frequencies on request.) Can be sup- 
plied in closed cases, 4-stud mounting, saddle 


type mounting bracket, flat strap bracket and 


cycle operation. | 
junction boxes. 


AM-100 


New capacitor motor. 1/100 hp., operating at 
free speed of 3300 rpm. or load speed of 3100 


ZSS ZRS. The most compact 50 CFM blower units ayail- 
able today. Resilient mounting base to reduce mechani- 
cal vibration to a minimum can be furnished with flat 
strap bracket instead of outlet flange normally furnished. 
115v, AC, 60 cycles. 40 watts at 1650 RPM. Can be 
mounted for 230 volt operation. 


rpm. 

Original! developed for TV antenna rotator 

service. Reversible. Is excellent also for labora- 

tory or experimental use: or for advertising 

displays, etc. 

40 watts. 24 volts. 60 cycles, AC. Skeleton 

frame, but can be supplied in ventilated case, 
F2-D same size and appearance as Heinze Type Z 


For cooling electronic tubes in trans- motor. Mouniings available 

mitters, induction heaters and dia- 

thermy — * Quiet ана. 

Low wattage. Light weight. Will not S 

couse rodio interference. 115v, AC, AR-105 

60 cycles. 15 watts 3000 RPM (free Another new capacitor rotator motor, 1/200 hp. 

air). operating at free speed of 3000 rpm. 35 watts. 
24 volts. 60 cycles, AC Operated with a 75mf 
capacitor. 


5 Злое Мона е above. 115v, AC, 60 cycles. 
watts. M (free oir). 
FC and FB 


2 pole, shoded pole, induction motors. CW or 

CCW rotation. 1/1000 to 1/300 HP. For 

F2s "mouse power” applications, such as range oil 
umps, small hair dryers, desk fans, toys, space 

eaters, advertising displays, timed-switching 

devices, small water circulators, kitchen mixers, 

etc. 115 v, 60 cycles. Free speed, 3200 RPM. 

Е 21-5 Recommended load speed, 2600 to 3000 RPM. 


Has mo the same features as 
the F2 blowers, Bokelite housing. 
115v, AC, 60 cycles. 15 watts. 
2800 RPM (free air). Con be mg- 
plied in double housing (F 24-D) 
with approximately twice the oir 
delivery of F 214-5. 


K6-S (and K12-S) ore battery operated for cars, K 
trucks, boots ond other portoble installations. 


KF 


The same specifications as for Type 


K115-S is an AC-DC blower of excellent output where 
absolutely quiet operation is not of prime importance. 


Delivers approximately 100 CFM of air and operates ot 
a speed of 2800 RPM. 70 watts on 115v, 60 cycle line. 


1/50 to 1/25 HP. Normally supplied 
for 115 volt line. Can be had for 230 
volt operation or as a straight 115 
volt (or 230 volt) DC motor. Close 
case type. Lee governor and resilient 
mounting plate available. 


"K' but flat-sided for sewing ma- 
chines, business machines and other 
devices needing a series motor, where 
space is important. 

Con be furnished with die cost 
housings and external brushes. 


Heinze Electric Co 


685 Lawrence Street 


LOWELL, MASS 


Heinze Electric Co 


685 Lawrence Street 


LOWELL. MASS 
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adjustable 
speed line 


Tt pays to think first of the 

Louis Allis Co. whenever you're 
considering adjustable speed drives for 
your product or plant. Louis Allis 
builds all basic types. There's no 
compromising — from this complete line 
you can select the unit that's exactly 
suited to your job conditions and 


engineered for your application. 


For the simplest — and best 

— solution to any adjustable 

speed drive problem, call 

j 9 NN your nearby Louis Allis Sales 
Engineer, or write to us. 


THE LOUIS ALLIS CO. 


MILWAUKEE 7, WISCONSIN 





CUT YOUR MAINTENANCE 
COST 50%... ANO MORE ! 


"WET SLEEVE" 
INDUSTRIAL 


DESIGNED FOR RUGGED, DEPENDABLE SERVICE 
AT CAPACITIES FROM 255 TO 440 CU. INCHES 


Reo Industrial Engines supply economical, 
trouble-free power. For example, replaceable wet 
cylinder sleeves eliminate costly reboring. Reo 
overhead valve design provides more efficient com- 
bustion. Main bearings with interchangeable in- 
serts give long-lasting smooth operation. An 
integral oil cooler, a full-flow oil filter, a large- 
capacity oil pump, and a fully controlled bypass 
cooling system assure long, dependable service. 


Reo Industrial Power Units are factory-engineered 
to operate on gasoline, natural gas, liquefied 
petroleum gas, or in dual-fucl combinations. 
Power take-off is optional via industrial or auto- 
motive couplings with direct drive, reduction 
gear, fluid coupling or torque converter. For every 
service requirement from 50 to 180 continuous 
horsepower, look to Reo for the experience and 
quality that mean outstanding engine performance. 


TwO TMERMOSTATS. COOLANT CIBCULATES 
AT OVER 100 GALLONS PER MINUTE ~A 
COMPLETE CIRCUIT iN ABOU! $ SECONDS 


TWOMEVEL INTAKE MANIFOLD 
PREMEATS FUEL MIXTURE WHILE 
RETURNING COOLANT TO RADIATOR 


PUSH RODS ARE HEAVY 
STEEL TUBING WiTH 
HARDENED STEEL ENDS 


ROCKER ARMS ARE 
ACCURATELY FORGED 


_SODIUM-FILLED, QUICK COOLING § 
EXHAUST VALVES ROTATE 
FOR UNIFORM SEATING 


VRONZt Vai vt GUIDES ——__. x 


ARE WATER.COQUED Ке 
ЕРА. 


FETS IN HEADS SPRAY 
COON ANT AROUND 
EXHAUST VALVE SEATS 


EXHAUST VALVE SEAT 
INSERTS ARE STELUTE 
FACED FOR ADDED DURABRITY 


(OW BACK-PRESQURE EXHAUST 
MANIFOLDING HELPS GIVE 
HIGH VOLUMETRIC EFFICIENCY 


TWO FILTERS INSTEAD OF ONE ~A 
BY PASS TYPE AND A FULL-FLOW TYPE 
“KEEP ENGINE Oil REALLY CLEAN 


PLATED, ALUMINUM-ALLOY, HEAVY-DUTY | 
PISTONS ~LOWER FRICTION, LONGER LIFE 


FORGED |.BEAM CONNECTING RODS, CRANKPIN JOURNAL 
BEARINGS ARE 25" DIA. COPPERLEAD, STEEL BACKED 


PROFFERAL "A" CAST SON, S-BEARING CAMSHAFT 


۴ 


Write for complete information or the services of a Reo Sales Engineer. 


MIGH-CAPACITY HIGH EFFICIENCY OR. TEMPERATURE 
STABRIZER IN LOWER PORTION OF MANIFOLD 
KEEPS Ol COOLER IN SUMMER, WARMER IN WINTER 


INTAKE PASSAGES ARE ARRANGED FOR? 
DIRECT FLOW, FOR UNIFORM 
FUEL DISTRIBUTION 


ROCKER ARM COVERS ARE VENTILATEO 
BY DIVERTED AIR FROM POSITIVE 
p CRANKCASE VENTILATION 


CYLINDER HEADS ARE LIGHTWEIGHT 
INTERCHANGEABLE 


INTAKE VALVES, TOO, HAVE 
LONG-LASTING INSERTS 
— 


SPARK PLUGS ARE WATER COOLED. 
FULLY PROTECTED 
^7 
A 
1 
-— -HIGH EFFICIENCY COMBUSTION 
IT’ «CHAMBERS ADD TO FUEL ECONOMY 


ARING. SOUD- SKIRT PISTONS 
GIVE BETTER HEAT DISSIPATION 
TOP RING IS CHROME PLATED 


REPLACEABLE WET.TYPE CYLINDER 
SLEEVES ELIMINATE COSTLY 
REBORING. SLEEVES ARE SURROUNDED 
BY COOLANT FOR FULL LENGTH OF 
PISTON TRAVEL 


8 VOUT STARTER MOTOR 


WEBS iN BLOCK SUPPORT ALL 
INTERMEDIATE MAIN BEARINGS 


BLOCK EXTENDS 3'; 'BELOW CENTER OF 

{CRANKCASE NAS CRANKSHAFT, MAKES ASSEMBLY EXTRA-STRONG 

MAGNETIC DRAIN PLUG. . 
STURDY, SHORT-STROKE CAST-STEE! CRANKSHAFT 
WIT! BIG 3° MAIN BEARINGS. OPERATION IS 
SMOOTH AS SILK. 


50 TO 180 
CONTINUOUS 
HORSEPOWER 


GASOLINE 
LP GAS 
NATURAL GAS 


Product Design Handbook Issue 





PERFORMANCE 
DATA 


REO 
6 Cyl. 
OA-255 
Length 47” 
Width 21” 
Height 33” 
App. Weight 963 ж 


REO 

6 Cyl. 

OA -292 
Length 47” 
Width 21” 
Height 33” 

App. Weight 963 # 


REO 
6 Cyl. 
OA-331 
Length 47” 
Width 21” 
Height 33” 
App. Weight 963 ж 


Length 47” 

Width 21" 

Height 33* 
App. Weight 963 # 


REO 
v-8 
OV -195 
Length 39'4* 
Width 28* 
Height 3754" 
App. Weight 1211 # 


REO 
۷-8 
0۷-20 
Length 39'4* 
Width 28* 
Height 375/44" 
App. Weight 1211 # 


R.P.M. 
Gross B.H.P. 
Net B.H.P. 
Cont. B.H.P. 
Gross Torque 
Net Torque 


R.P.M. 
Gross B.H.P. 
Net B.H.P. 
Cont. B.H.P. 
Gross Torque 
Net Torque 


R.P.M. 
Gross B.H.P. 
Net B.H.P. 
Cont. B.H.P. 
Gross Torque 


Net Torque 


R.P.M. 
Gross B.H.P. 
Net B.H.P. 
Cont. B.H.P. 
Gross Torque 
Net Torque 


R.P.M. 
Gross B.H.P. 
Net B.H.P. 
Cont. B.H.P. 
Gross Torque 
Net Torque 


R.P.M. 
Gross B.H.P. 
Net B.H.P. 
Cont. B.H.P. 
Gross Torque 
Net Torque 


GENERAL SPECIFICATIONS —ALL MODELS 


OA-255 OA-292 OA-331 OH-160 OV-195 


6 6 6 6 8 
4% 3% 
4% 4% 
331 390 

6.7331 7.3:1 


NO. OF CYLS. 
BORE-INCHES 3% 3% 4% 
STROKE-INCHES 4% 4% 4% 
CU. IN. DISPLACEMENT 255 292 331 
COMPRESSION RATIO 6.7:1 6.55:1 6.4:1 
VALVE ARRANGEMENT O.H.V. O.H.V. O.H.V. O.H.V. O.H.V., 

CYLINDER ARRANGEMENT IN-LINE IN-LINE IN-LINE IN-LINE 90^ VEE 

PISTONS — NO. OF RINGS 4 4 4 4 4 4 
CRANKSHAFT — MAIN BRGS. 7 7 7 7 5 5 
CAMSHAFT DRIVE GEAR GEAR GEAR GEAR GEAR GEAR 
CRANKSHAFT BRG. DIA. 2.5 2.5 2.5 2.75 3.00 3.00 
PRESS. LUB. — SUMP CAP'Y 8 QTS. 8 QTS. 8 QTS. 8 QTS. 8 QTS. 8 QTS. 
STARTNG —ELECT. TYPE 6V. OR 12V. | 6v. OR 12v. | 6v. OR 12V. | 6v. OR 12v. 12V. 12V. 
FACTORY TEST RUN ALL PRODUCTION ENGINES DYNAMOMETER TEST RUN 


WATER PUMP — DUAL “V” BELT | 80 G.P.M. 80 G.P.M. | 80 G.P.M. 80 G.P.M. 150 G.P.M. | 150 G.P.M. 


Industrial Engine Division 


REO MOTORS, INC., REO BLDG. LANSING 20, MICHIGAN 
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BARBER 
COLMAN 


Gmall Motore 


power the drive mechanism 


of new COMPTOMETER 


dictation machines 


Barber -Colman Company 


DEPT. V, 1212 ROCK STREET, ROCKFORD, ILLINOIS | 


The new Comptometer Dictation-Transcription Machine, pro- 
duced by Felt & Tarrant Manufacturing Company, features a 
magnetic recording belt that can be used again and again by 
magnetically erasing messages and dictating new ones. Sim- 
plicity of operation and finger-tip control are among several 
other advancements noted in this new dictating machine. 


To power the Comptometer's driving mechanism the Barber- 
Colman type KYAB unidirectional, continuous duty, shaded- 
pole motor was selected. With its high starting torque and low 
inertia rotor, this highly dependable motor provides the sure 
Starting and rapid response always demanded of dictating 
machines. 


If you, too, have a design project involving small motors, let 
Barber-Colman engineers help you solve it with the exact 
motor for the job. 


FREE DATA SHEETS ON WIDE LINE OF SMALL MOTORS 


The Barber-Colman line includes unidirectional, synchronous, 
and reversible motors—up to 1/20 hp. With and without re- 
duction gearing—open or enclosed types. Expert engineering 
service available. Write today, tell us your problems, ask for 
free data sheets. 


Small Motors - Automatic Controls - Industrial Instruments - Aircraft Controls - Air Distribution Products 
Overdoors ond Operators - Molded Products - Metal Cutting Tools - Machine Tools - Textile Machinery 


H42 


BARBER 
ALLEN 


compact, powerful 
high quality for a wide 
range of applications 


MOTOR WITH CENTRIFUGAL BLOWER 


— — — 


Looking for a d-c fractional hp motor 
of unusually high quality, high depend- 
ability? Specify Barber-Colman, the ver- 
satile line of small motors in both per- 
manent magnet and split series types... 
in various mountings and speeds, and 
outputs up to 1/10 hp. Ideally suited to 
power electro-mechanical actuators, gen- 
erators, switches, blowers and program- 
ing devices. Barber-Colman small d-c 
motors are also available with lightweight 
radio noise filters to meet radio interfer 
ence requirements of USAF. They are 
ideally suited for use as tachometer gen- 
erators, Whatever your problem involv- 
ing small motors, consult Barber-Colman 
Company for an expert solution. 


Write for free catalog F, 4344-i 


BARBER-COLMAN COMPANY 


Dept. У, 1412 Rock Street, Rockford, Illinois 
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An incremental synchro positioner 
before wiring to header and her- 
metic sealing. The synchro rotor 
is stepped in one or fifteen degree 
increments clockwise or counter- 
clockwise depending upon which 
of four coils is momentarily ener- 
gized by a d-c pulse. The synchro 
can be rotated any number of 
degrees or revolutions. Cylindrical 


Type 9 motor-driven induction 
generator driving two Type 11CT 
synchros through gear train having 
ratio of 1500:1. Slip clutch permits 
one control transformer to operate 
when second control transformer 
has shaft restrained by stops. Cams 
close two switches during specified 
degrees of synchro rotation. 


9g 


Equipment to indicate phase angle 
difference between two like fre- 
quency signals received over radio 
links. One chassis is a 400-cycle 
oscillator supply for two indicators, 
other chassis combines impedance 
matching and a servo ampli- 
fier for one indicator. Complete 
system includes an oscillator, two 
indicators, and two amplifiers. 


member next to the synchro re- 
sets it to electrical zero if a pulse 
is applied to “‘reset”’ circuit. 


With but one solution 


Typical of all Transicoil solutions are the three illustrated 
here. They “‘do the job right" because each is designed for a 
single application ... by a company whose major function is 
to provide complete servo assemblies precisely engineered and 
manufactured to solve individual servo control problems. 

Of course, if you want servo components, you'll find Transicoil's 
control motors, motor-gear train combinations, motor-gear 
train-generator combinations, and servo amplifiers built to 
the highest order of precision and accuracy. But it is in the 

"package" engineering of unique assemblies that Transicoil’s 
experience and creative imagination offer the greatest value. 
And in most cases, these assemblies cost no more than the indi- 
vidual components would purchased separately. That’s why it 
pays to check your servo control problems out with Transicoil 
first. For further information, call your nearest Transicoil 
representative. 


control 


problems 
like 


yours 


thinking of automation ? 


If you have a problem in 
the field sometimes re- 
ferred to as automation, 
and have not worked on 
it before because you just 
haven’t had the time, and 
outside organizations 
would only handle it on a 
“research and develop- 
ment’’ boondoggling 


basis, Transicoil may 
solve it for you. You will 
be under no obligation 
and you'll pay only for 
results—on a fixed fee 
basis for equipment de- 
livered and performing 
properly. Transicoil is a 
manufacturer—not a 
research and develop- 
ment organization! 


Res ase ат 


E P 


9 @ 


Miniature Motor and Gear 
Control Motors Train Assemblies 


ИРЕ: 


Motor, Generator, and Setvo 
Gear Train 


Amplihers Assemblies 


Combinations 
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Transicoil 
ст Oo wWN P Q N A TI 1! 


о м 


Worcester èe Montgomery County è Pennsylvania 


Engineering Sales Representatives In: Atlanta, Ga. * Buffalo, 
New York * Chicago, Ill. * Cleveland, Ohio * Dallas, Texas * 
Dayton, Ohio. * Detroit, Mich. * Fairview Village, Penna. * 
Kansas City, Mo. * Los Angeles, Calif. + Minneapolis, Minn. * 
New York, New York * Newtonville, Mass. * Phoenix, 
Arizona * San Carlos, Calif. * Seattle, Wash. * St. Louis, 
Mo. * Syracuse, New York * Washington, D. C. * Winston- 


Salem, North Carolina. 
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Wagner Type LP — 


Doubly Protected 


% Wagner Type DP Motors are protected by rugged, 
corrosion-resistant cast iron frames, smoothly rounded 
so that no moisture can collect on them. Motor feet are 





cast as an integral part of the frame for maximum 
strength and rigidity. 





3€ Enclosures are drip-proof plus! Air intakes are located 
à at the bottom of the endplates—air outlets are located 
| — у at the base of the frame, one on each side. Specially de- 
x signed baffles provide protection for the stator windings. 





The Wagner line of polyphase, drip-proof general purpose motors 
—rerated to the new NEMA Standards—pack more power into 
smaller frames, but give you the same high Wagner Quality and 
long life performance that have made Wagner motors “the choice 
of leaders in industry” for many, many years. These new Wagner 
motors are fully protected in the ball bearing models. Their con- 
struction makes them completely drip-proof—and virtually splash- 
proof. The extra large, diagonally split conduit box makes wiring 
easy. Smaller size and lighter weight mean more economical 
handling and installation. 


* * ж 


When you standardize on Wagner Motors—you get the advantages 

of a liberal warranty... of nationwide service facilities, with 

on-the-spot service, replacement motors and parts available from 
24 Wagner-owned Service Branches and more than 850 
Authorized Service Stations. You can also choose from 
a wide variety of types and sizes—single-phase or poly- 
phase—(from 1/125 to 400 hp.). 
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These new rerated Wagner Motors retain 
the features desired by plant engineers and 
maintenance men. 


These Wagner Motors will operate for 
years without regreasing. But...when lubri- 


AVAILABLE 


cation is necessary or desirable, you can 
lubricate these motors because they are 
provided with two lubrication openings. 
Bulletin MU-202 gives full details. Write 


for your copy today. 


WITH RESILIENT MOUNTING 


—SLEEVE BEARINGS UP THROUGH 5 HP. 


These Wagner standard motors, in ratings up through 5 horsepower, can be used for 
specialized applications because they are available in sleeve bearing models with 
endplates that will take resilient mounts. 

You can look to Wagner for a complete line of standard motors for specialized 
applications. The wide range of types and sizes permits the selection of a standard 
motor for almost any need, 


WAGNER ELECTRIC CORPORATION 
6406 Plymouth Ave. e St. Louis 14, Mo., U. S. A. 


ELECTRIC MOTORS e 
AUTOMOTIVE 


TRANSFORMERS € 
BRAKE SYSTEMS 


INDUSTRIAL BRAKES 
AIR AND HYDRAULIC 


BRANCHES IN 32 PRINCIPAL CITIES 
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Catalogs 
an 
ulletins 


To obtain copies of literature 
described below, circle corre- 
sponding mumber om coupon 
at end of tbis section. 


(T-1) SELF-SYNCHRONOUS MOTORS 
—Folder EI-5A, 6 pp, covers theory of 
operation and also lists the design char- 
acteristics of over 30 different models. 
Characteristic curves, dimensional 
drawings and electrical data are in- 
cluded. Electric Indicator Co., Inc., 
Springdale, Conn. 


(T-2) ELECTRIC CONDUIT — Data 
book, 24 pp, on the use of rigid steel 
conduit and electrical metallic tubing. 
Tables are devoted to weights and di- 
mensions, thread and coupling dimen- 
sions, standard radius elbows, special 
radius conduit elbows and nipples for 
rigid steel conduit. Similar tables are 
given for electrical metallic tubing. 
Pittsburgh Standard Conduit Co., 61 
Bridge St., Pittsburgh 23, Pa 


(T-3) MINIATURE MOTORS AND 
FANS— Bulletin 254A, 38 pp, contains 
specifications and descriptions of more 
than 50 miniature motors, fans and 
blowers. Western Gear, P. O. Box 182 
Lynwood, California. 


(T-4) CONTROL COMPONENTS—Bul- 
letin 355, 4 pp, gives specifications 
and characteristics of 130 synchros, 
servo motors and various resolvers. 
Norden-Ketay Corporation, 555 Broad- 
way, New York 12, N. Y. 


(T-5) VARIABLE SPEED MOTOR 
CONTROLS—Brochure, 8 pp. Tells how 
grid-controlled, full or half-wave rec- 
tifiers are used to operate and control 
d-c motors from an a-c power source. 
Electro Devices, Inc., 4-6 Godwin Ave., 


Paterson 1, N. J. 


(T-6) TACHOMETERS—Bulletin 770, 
8 pp, shows types of vibrating reed 
tachometers. Herman H. Sticht Co., 27 


Park PI., New York, N. Y. 


FORD 
INSTRUMENT 


STANDARD COMPONENTS 


Ford Instrument Company pro- 
duces a variety of precision com- 
ponents for systems and computers. 


| ( WRITE FOR FREE CATALOGS ) 


| e PRECISION CAMS 


3-D, Flat and Cylindri- 
cal types... in tolerances 
to 70.0005". .. for a 
wide range of computer 
and motion applications. 


• A-C RATE GENERATORS 


and single-shaft servo 
packages . . . extremely 
stable, linear units with 
high voltage output. 


e DBR INTEGRATORS 


Compact mechanical 
units for extreme accu- 
racy in computing and 
variable speed applica- 
tions. 


e TELESYN SYNCHROS 
AND RESOLVERS ... 
in sizes to meet a multi- 
tude of requirements . . . 
available to meet Mil 


specs 


e SERVO MOTORS 


In a varietv of sizes and 
models... with extremely 
low inertia and high fre- 
quency response. 


e DIFFERENTIALS 





| 
I 


Single spider gear de- 
sign in 1/8", 3/16", 1/4" 
and 5/16" shaft diam- 
eters . . . high precision 
units for top accuracy. 


IN ADDITION... 


Ford Instrument Company pro- 
duces a vast array of analog and 
digital computers, control systems 
and drives, converters, magnetic 
amplifier systems, and other in- 
struments and equipment for the 
military and industry. Write for 
more information. 


60 


aC, FORD INSTRUMENT 
COMPANY 


| | Division of Sperry Rand Corporation 
31-10 Thomson Ave. 





Long Island City 1, N. Y, 
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If you haven’t had a chance to investigate this versatile line 
of motors regularly used by an outstanding list of machinery 
manufacturers, it would be well worth your while to learn 
about the many advantages of using Doerr Motors. Special 
features and modifications of all types can be furnished, as 
well as a complete line of standard NEMA ratings. Write 


today for more information on DOERR MOTORS. 


Pump motor with special machined face mounting and stainless 
` steel shaft with threads and Woodruff keyway. 


Electric Motors from 1/30 to 5 hp. Standard, or designed to your specification. 


DOERR ELECTRIC CORPORATION, Cedarburg, Wisconsin Dept. P 


Poe к Please send your new bulletin on electric motors, 
without obligation. 


ei І 

| 

| 

YOU GET MORE WITH 2 t ә 1 "eg LL, Ctt ле ی‎ i 
ze / | | | | ОНКИ a оао аланнан 

DOER ° CEDARBURG, WISCONSIN ADDRESS. i — - == j 

: l 


DM. a ق‎ 


————ÀÓ— ——— 


Product Engineering — Mid-October, 1955 H47 





WISCONSIN (avy -Quiy 


MODELS DIMENSIONS POWER CURVES 
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WISCONSIN M ORPORATION 


World's Largest Builders uty Air-Cooled Engines 








"Designed to Keep Going when the Going is Toughest” 


Wisconsin Engines are specifically designed for heavy duty and 
offer the most complete line of models in the 3 to 36 hp. range. 


SPECIFICATIONS, SINGLE CYLINDER MODELS 
MODEL AFH 


FEATURES 


Large capacity flywheel 
fan provides foolproof 
cooling up to 1409 F. | 


magneto with impulse 
coupling for easy start- | 
ing in any weather. ! 


High tension outside p | 


g Tapered roller bearings 
take up radial loads | 
and end thrusts at 


۵ m BOTH ends of crank-| 
А shaff. 


i= 


— Gear pump delivers oil à, S 

F stream to each rod on Y LS 
Î larger models with oil 

|] spray to other parts. 

M Pump circulated splash 
system smaller models. 


All Wisconsin engine models are extremely compact, light- 
weight, and adaptable to mounting on a great variety of 
equipment. All engines are run-in at our modern test room 
to assure satisfactory performance. 

Wide choice of size and type is another Wisconsin Engine 
advantage that gives you greatest latitude in design and 


production. Standardizing on Wisconsin Engines assures you 


of world-wide service through the extensive dealer and dis- 
tributor organization. 





MILWAUKEE 46, WISCONSIN 


Bore " p es | 34" з" 
Stroke " " 4" 4" 


No. of Cyl. | | 

Displ. Cu. In. 17.8 23 33.2 38.5 

310 | 450 6.0@ 72@ 

1600 1600 i600 | 1600 

| 84@ 
2200 

| 190 


H.P. and 

R.P.M. Range | 8.25 @ 7.2 @ 

| 3600 2200 
110 180 


6.8 @ 
3600 
Net Wt. in Lbs.| 76 76 
(Std. Engine) 


SPECIFICATIONS 2- and 4-CYLINDER MODELS 
MODEL TE TF TFD VE 4 


Bore » | За" | JA" з" 


Stroke 34" 3A" | Зд" | ЗА" 
No. of Cyl. 2 


2 E. 
Displ. Cu. In. 459 | 539 53.9 
72е 8.7 @ 8.7 @ 
| 1400 1400 1400 
| "2e 14.4 @ 5 е 
| 2800 | 260 3000 
Net Wt. in Lbs.) 205 | 2% 205 


With Side- | 220 | 220 20 
Mount Tank | 


H.P. and 
R.P.M. Range 


Endurance and power reliability to meet the toughest jobs 
are built into Wisconsin Engines to an unusual degree by 


constant insistence on closest tolerances and highest heavy 
duty components for manufacture and assembly of even the 


smallest parts. 
You can depend on a Wisconsin Engine to deliver "Most 
HP. Hours" of on-the-job performance, at lowest mainte- 


nance cost. You can't do better than to specify "Wisconsin" 
—power to match your equipment. 





So light a 3 year А | 
old can lift it! E X 


This 2 H.P. gasoline engine 


weighs only 16 Ibs. 
, 


‚ » . Imagine what this Power Products 
Lightweight can do for your equipment 
Do a little “imagineering” in terms of 
your products! Wouldn’t such dramatic 
weight savings create tremendous ad- 
vantages in your equipment — make it 
easier to carry — eliminate heavy and 
costly frame structure, wheels etc. 
Lightweight is only one of the many 
features of the amazing Power Products 
Industrial engine. Full information and 
specifications available on request. 


Power Products Corporation 


2013j-1 NO. 12 STREET, GRAFTON, WISCONSIN 
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Full rotating conduit box 


saves space, speeds motor installation 


Exclusive with A. 0. Smith 


integral hp motors 


This is one of those worthwhile extras that’s yours 
only with A. O. Smith integral hp motors. 


Think of this full rotating conduit box in terms of 
your own operations. Because the box can be set at 
any angle, motor space requirements are reduced . . . 
better product design is made possible. You get pro- 
duction economy, too . . . because box angle can be 
changed so easily, just by removing the cover and 
loosening three screws. 


Yes, when it comes to integral hp motors, it's good 
business to specify A. O. Smith. This is the line that 
gives you performance, matched to your products... 
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also offers you common-sense features that pay off in 
your plant. You get features like full rotating con- 
duit boxes . . . like optional frame mountings which 
let you use either the old or new NEMA mounting 
dimensions. 

Get all the facts about A. O. Smith integral hp motors — 1 to 150 hp. 


Write A. O. Smith Corporation, Electric Motor Division, P. O. Box 170, 
Dayton, Ohio. 


Through research © ..& better way 
У { 
ә ж 


СО КРО И АГИ 


ELECTRIC MOTOR DIVISION 
Р. 0. Вох 107 + Dayton, Ohio 


International Division: Milwaukee 1, Wisconsin 
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Just to suggest the practically unlimited 


variety of mounting positions possible with 


Elliott Crocker-Wheeler right-angle single worm 


reduction gearmotors. 


€ a-c or d-c * // to 30 hp * foot- or flange-mounted 


€ with any motor enclosure ® for all AGMA service classifications 


Your Elliott 


Atianta 3 

310 Haas-Howell Bldg. 
Birmingham 

1600 Second Ave. S. 
(General Machinery Co.) 
Boston 35 

1330 Soldiers Field Rd. 
Buffalo 2 

807 Crosby Bldg. 
Charlotte, N.C. 

1916 Liberty Life Bldg. 
Chicago 30 

6100 N. Pulaski Rd. 
Cincinnati 6 

2337 Victory Parkway 


е 


representative has complete information... 


Cleveland 14 

1319 National City Bank Bidg. 
Dallas 5 

5738 Central Expressway 
Denver 9 

308 Union National Bank Bldg. 
Detroit 26 

1820 Dime Bldg. 

Duluth 

617 North 10th Avenue, East 
Houston 3 

1209 Hutchins Street 
Indianapolis 8 

54 West 30th Street 

Kansas City 14 

514 West 75th Street 


Los Angeles 15 

714 West Olympic Blvd. 
Milwaukee 3 

744 North 4th Street 
Minneapolis 3 

540 Plymouth Bldg. 

Newark 7 

4th Avenue and 13th Street 
New Orleans 13 

256 Lee Circle Bldg. 

New York 13 

271 Church Street 
Philadelphia 2 

226 South Sixteenth Street Bldg. 
Pittsburgh 19 

718 Frick Bldg. 


Rockford, Ill. 

403 Central National Bank Bldg. 
Salt Lake City 

Zion Savings Bank Bidg. 
San Francisco 4 

1504 Russ Bidg. 

$t. Louis 3 

1221 Locust Street 
Seattle 1 

1101 Vance Bldg. 
$yracuse 2 

317 State Tower Bldg. 


Tulsa 3 

910 Petroleum Bldg. 
Washington 1, D.C. 
Washington Gas Light Bldg. 


Fe ELLI OTT Company © JEANNETTE, PA 


CROCKER-WHEELER DIVISION 
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the ELINCO 


yn aai 


asa DIAMOND can make it À 
sub-fractional COMMUTATOR MOTOR 


The precise, diamond finishing operation on the commu- 
tators of Elinco Motors is just one example of the exacting 
care that goes into every step in the design and manufac- 
ture of Elinco Commutator Motors. For years, Elinco has 
been an outstanding producer of instrument-type motors 
and generators, designed and built to meet exacting 
specifications. This specialized experience, plus highest 
standards of workmanship and quality, are your best 
assurance that Elinco can meet your precise requirements 
for sub-fractional hp commutator motors of every type. 


ELINCO COMMUTATOR MOTOR FEATURES — For smooth, 
quiet operation, high electrical efficiency, long life, and 
dependable accuracy. 

Diamond turned and finished commutators 

Bearing bores to 0.0001” 

All components precisely sized and fitted 

Close concentricity of bearings and laminations 

individual dynamic balancing 

100% tested under all operating conditions 


GENERAL SPECIFICATIONS — With or without governor control. 
VOLTAGES — 6 to 230 volts. SPEEDS — 1,200 to 15,000 rpm. 
MOUNTINGS — by face, flange or base. FINISHES — to individual 
specifications. HORSEPOWER — 1/1000 to 1/6, TYPES — shunt, 
series, universal, permanent magnet, separately excited, etc. 
BEARINGS — double shielded ball, permanently lubricated. 
SPECIAL TREATMENTS — humidity, altitude, fungus, shock, vibration, 
high temperature, special materials. 

Every Elinco motor is a precision instrument, manu- 
factured to meet highest performance standards. Put our 
specialized design, engineering and manufacturing 
facilities at your disposal. Send us your specifications 
and let us select a motor to meet your requirements, 

or let us design and build one. 


OTHER ELINCO PRECISION BUILT PRODUCTS 
for instrument applications include: 


AC Motors * Self-synchronous Units * AC and DC 
Tachometer Generators. * Non Standard Units for unique 
requirements. 


Send for catalogs. 


C INDICATOR COMPANY, INC. 


pAvenue Springdale, Connectigut 


Catalogs and Bulletins continued 
(T-7) ELECTRIC MOTORS — Book- 
let, 12 pp, describes line of induction- 
type, ballbearing, three-phase, 1 to 30 
hp motors. U. S. Electrical Motors, 
Inc., Box 2058, Los Angeles 54, Calif. 


(T-8) ELECTRIC MOTORS— Bulletin 
MO-3.5, 8 pp, includes complete range 
of frame sizes from d-c servo motors 
of 15$ in. dia to power motors of 7 
in. dia. Motors with integral gear re- 
duction are included. Holtzer-Cabot 
Motor Div., National Pneumatic Co., 
Inc., 125 Armory St., Boston 19, Mass. 


(T-9) SOLENOID-OPERATED VALVES 
—Catalog D1, 50 pp, describes five 
basic electric valves, discusses possible 
variations and is illustrated with pho- 
tographs and charts. Skinner Chuck 
Co., Edgewood Ave., New Britain, 


Conn. 


(T-10) GASOLINE ENGINES—Catalog 
36 pp, describes line of engines rang- 
ing from 1.8 to 26.8 hp. Kohler Co., 
Kohler, Wis. 


(T-11) VERTICAL, SOLID SHAFT 
Morors—Bulletin 1868, 8 pp, de- 
scribes and illustrates electric motors 
in ratings from 1⁄4 to 400 hp. Footless 
horizontal motors for direct connection 
are also included, in ratings from М 
to 400 hp. Footless horizontal motors 
for direct connection are also included, 
in ratings from l4 to 75 hp. U. S. 
Electrical Motors Inc, Box 2058, Los 
Angeles 54, Calif. 


(T-12) EDDY - CURRENT BRAKES— 
Bulletin BR1, 11 pp. Standard units 
in both the air and liquid-cooled types 
are described. Construction details, ca- 
pacities, characteristic curves, dimen- 
sions, and advantages are listed. Eaton 
Mfg. Co., Dynamatic Div., Kenosha, 
Wis. 


CONTROL COM- 
lists 


(T-13) AUTOMATIC 
PONENTS—Catalog 41, 36 pp, 
servo motors, motor tachometers, syn- 
chros, transformers. Servo-Tek Prod- 
ucts Co., Inc., 1086 Goffle Road, Haw- 
thorne, N. J. 


(T-14) MOTOR CONTROL—Booklet 
5411, 46 pp, contains photographs, 
specifications and’ prices of magnetic 
starters and contactors, push buttons, 
combination starters, drum controllers, 
master, foot, limit and pressure 
switches. Furnas Electric Co., 1050 
McKee St., Batavia, Ill. 
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1 Through 200 H.P. 


All these features at a standard motor price! 


Extra-large ball bearings, sealed to keep 
grease in, dirt out. Need no attention for 
years! 

Insulated coil ends —R & M insulates be- 
tween all coil ends as well as phase groups, 
for 3 to 4 times greater insulating value! 
"Clean-Sweep" Ventilation —R & M motors 


stay cool and clean; high velocity air-flow 
stops build-up of dust and dirt. 
Full-height, shrouded end heads shield the 
motor against moisture and internai 
damage. 

Protected against rust and corrosion —in- 
side and out. 


R & M manufactures a complete 
line of Totally Enclosed and Explo- 
sion-Proof motors from 1 through 
40 h.p. Direct Current and Single- 
Phase from 1 through 7'4 h.p. 


Need A Special Motor? 


Building "specials" to the customer's specifica- 
tions is an old story at R & M—electrical and 
mechanical modifications are no problem. C, 
D, and P flanges, shaft modifications, com- 
mercial dynamic and special dynamic balanc- 
ing—all are readily available to your order. 
And to meet your demands for quick delivery 
we maintain a complete stock of mechanical 
parts for motors requiring electrical or mechan- 
ical modifications. 

Engineered motor parts for built-in applica- 
tions are another R & M service available to 
you. Our well-qualified staff of motor-applica- 
tion specialists will make prompt recommenda- 
tions. Call on them now—there is no obligation 


Are you paying extra for motor features 
that are standard with REM Р 


Of course you want a top-quality 
motor... good performance of 
any motor-driven product de- 
pends on it. Bui if you're used to 
thinking of features like extra- 
large ball bearings, extra insula- 
tion and complete rust protec- 
tion as cost-raising motor 
requirements, take an extra look 
at the standard features of R & M 
motors. 

As a user of motors in quantity, 
naturally you will also want to 
know some of the facts about the 
advantage of having Robbins & 


Myers as a source of supply. For 
example, take delivery. Our com- 
plete stock of mechanical parts 
makes quick delivery of motors 
requiring electrical and mechan- 
ical modifications a matter of 
course. 

These facts are important. In 
short, they mean that R & M is 
big enough to serve—through its 


modern testing and production 
facilities and large staff of appli- 
cation engineers — but not too big 
for service. 


If you want the best possible 
motor performance— backed up 
with prompt service and de- 
liveries — write us today for 
complete information. 


ROBBING <« MYERS, ine. 


SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 
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Fractional & integral h p Electric 
Motors & Generators Fans 


Electric & Hand 
Hoists & Cranes 


Propellair Industrial 
Ventilating Equipment 


Moyno 
Pumps 





Step up performance of your 
power equipment...with one of these 


3 New Onan Engines 


MODEL AJ 
Single-cylinder, gasoline-powered 
5.8 H.P. 


A compact, rugged, high-performance en- 
gine developing 5.8 H.P. at 3600 R.P.M. 
For heavier-duty applications on construc- 
tion machinery, farm and garden equipment 
and similar products. Four-cycle; air-cooled; 
L-head; vertical cylinder; 234" bore; 2!^" 
stroke; 14.9 cubic inch piston displacement ; 
6.25:1 compression ratio. Removable alu- 
minum alloy cylinder head; fully counter- 
weighted and balanced crankshaft for 
smooth operation. High tension magneto 


Overall dimensions: Length (incl. shaft) 154"; 
leight (with tank) 20”, Width 18%”. Weight: 
(Dry with accessories) 78 pounds. Power take-off: 


ignition. Mounted fuel tank and muffler. 
Manual pull-rope starting (recoil starter 
optional). 


Crankshaft extension 34” long, 1” diameter. 


SPE аа Jut SEES 


MODEL CCK 
Two-cylinder, gasoline-powered 


12.9 H.P. 


Horizontal,two-cylinder opposed design gives 
this engine exceptionally smooth, quiet op- 
eration. Develops 12.9 H.P. with accessories 
at 2700 R.P.M. Pressure air-cooled ; 4-cycle; 
3%” bore; 3” stroke; 50 cubic-inch piston 
displacement; 5.5:1 compression ratio. Ex- 
tra-large bearing surfaces; high tension mag- 
neto ignition; governor regulation within 
555. Short, extra heavy crankshaft. Remov- 
able aluminum cylinder heads. Full pressure — o, crew dimensions: Length (incl. shaft) 1434"; 
lubrication. Manual pull-rope starting. (Re- Width 195", Height 1774". Weight: (Dry, with 


coil starter optional) sid. accessories) 148 pounds. Power take-off: 
Crankshaft extension, 21344" long, 14" diameter. 


MODEL DRP 
Two-cylinder, air-cooled Diesel 


15 H.P. 


Where heavy duty performance, economy 
and safety are important factors, this air- 
cooled full Diesel engine has outstanding ad- 
vantages. Electric starting; horizontal, 2- 
cylinder opposed design; develops 15 H.P. 
with accessories at 2300 R.P.M.; 4-cycle; 
3'5" bore; 3!^" stroke; 67.3 cubic inch 
piston displacement; 17.3:1 compression 





Overall dimensions: Length (incl. shof!) 26106", 
Height 28”; Width 30%". Weight: (Dry, with ac- 
cessories) 516 pounds. Power take-off: Flywheel 


ratio; forged steel crankshaft and connect- 
ing rods; extra-large bearing surfaces; full 
pressure lubrication; 12-volt generator. 


for disc drive; accessory cronkshaft extension 4" 
long by 1 V4" diameter 


i AUR 
Write for complete specifications 


D. W. ONAN & SONS INC. 


ESTAS ИЕН 


3793 University Ave. S.E., Minneapolis 14, Minnesota 


Catalogs and Bulletins continued 


(T-15) TOTALLY ENCLOSED MOTORS 
—Bulletin, 12 pp, contains cutaway, 
parts drawings, curve, data on induc- 
tion-type electric motors of 1 to 30 hp. 
U. S. Electrical Motors, Inc., Box 2058, 
Los Angeles 54, Calif. 


(T-16) LINEAR TORQUE MoTor— 
Bulletin F 6560, 2 pp, furnishes speci- 
fications for one model of a linear ac- 


tuator. Barber-Colman Co., Rockford, 
Ш. 


(T-17) INDUCTION MoTors—Bulle- 
tin 1142, 11 pp, describes and illus- 
trates 44 to 100 hp motors with 
tabular data, drawings. Onsrud Ma- 
chine Works, Inc., 3900 Palmer St., 
Chicago 47, IIL 


(T-18) ELECTRIC MoroRS— Booklet 
1878, 8 pp, describes and pictures 20 
principal types of motors made by 
this company. U. S. Electrical Motors 
Inc., Box 2058, Los Angeles 54, Calif. 


( T-19) ELECTRONIC COMPONENTS— 
Catalog 29, 48 pp, contains photo- 
graphs and technical data, has a thumb 
index. Centralab Div., Globe-Union, 
Inc., 900 E. Keefe Ave., Milwaukee 1, 
Wis. 


(T-20) TORQUE AND INDUCTION 
Motors—Catalog EL-3A, 25 pp, has 
tabular data, curves, drawings giving 
electrical characteristics, specifications, 
construction, dimensions, ratings. Elec- 
tric Indicator Co., Inc., Camp Ave., 
Springdale, Conn. 


(T-21) MOTOR-ALTERNATOR — Bul- 
letin, 1 p, describes 30 cycles per sec 
model having alternator output of 1.57 
in. (2.57 w from shaft). Electric 
Motor & Specialties, Inc, King and 
Hamsher St., Garrett, Ind. 


(T-22) ARMORED Motors—Bulletin 
GEA-4654C, 19 pp, provides informa- 
tion on performance and maintenance 
features of this heavy-duty mill motor. 
Included in the bulletin are horsepower 
ratings and mechanical data. General 


Electric Co., Schenectady 5, N. Y. 


(T-23) UNIDIRECTIONAL ELECTRIC 
MoTons—Bulletin F 3959-2, 4 pp, 
describes performance characteristics 
of heavy duty Type YAR motors used 
to drive pumps, fans and blowers, 


record changers, vending machines and 
industrial controls. Barber-Colman Co., 


1200 Rock St., Rockford, Ill. 
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DRIP PROOF—1/20 to 3/4 H.P. 


A.C., Single or Polyphase 
Send for Bulletin 1-5P1 


RIGID BASE, OPEN TYPE, PROTECTED 
1 to 400 H.P.—A.C., Single or Polyphase 
May be used in place of splash proof... 
screens available for rodent protection. 
Send for Bulletin 6-1P1 


FLANGE BRACKET (NEMA "D") 
Round, short frame— for horizontal 
or vertical operation 


Send for Bulletin 6-1P1 


SELECTIVE SPEED DRIVES 
1 to 150 H.P. 
Offering a Wide Range of Closely 
Controlled Speeds 
Send for Bulletin 11-1P1 


EES 


Meus 


GEAR MOTORS—1 to 125 H.-P. (parallel) 
Ye to 3 H.P. (right angle or parallel) 
A.C. or D.C., Speed to fit your need 

Send for Bulletin 4-1P31 


for full operating efficiency 


Performance-Rated to Bring Out All the Top Per- 
formance That's Engineered Into Your Equipment 


CUSHION BASE, OPEN TYPE, 
PROTECTED—1/20 to 5 H.P. 
A.C., Single or Polyphase 
Send for Bulletin 6-1P1 


FACE TYPE BRACKET (NEMA "C") 
With feet for motor-mounted equipment 
Send for Bulletin 6-1P1 


TOTALLY ENCLOSED FAN COOLED 
1 to 100 H.P., A.C., Single or Polyphase 
Send for Bulletin 6-1P1 


NNMERO Um o 
B 


EXPLOSION PROOF MOTORS 
2 to 100 H.P. 
UL approval Class I, "C" and "D" 
Class Il, "E," "Е" опа "С" 
Send for Bulletin 6-1P45 


Century Performance-Rating means that you can select 
precisely the right motor size, speed, frame, mounting and 
torque characteristics to fit the needs of each installation. 


Performance-Rated© 
MOTORS 
Ye to 400 H.P. 


- 


Mail this coupon for FREE bulletins 


CENTURY ELECTRIC COMPANY 


1806 Pine St., St. Louis 3, Mo. + Offices and Stock Points in Principal Cities 


To CENTURY ELECTRIC COMPANY, 1806 Pine Street, St. Lovis 3, Mo. 


Please send me the following bulletins: 


(fill in numbers here) 
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EAGLE 


Timers and Counters 
VITAL COMPONENTS IN MODERN AUTOMATION 


MICROFLEX RESET TIMER CYCL-FLEX RESET TIMER 


— 


риса 799 


— — 
ТИНИ 1 Sr 
TTE n 


FLEXOPULSE REPEAT 


MULTIFLEX RESET TIMER CYCLE TIMER 


"s 
e 


MULTIPULSE REPEAT | 
CYCLE TIMER 


` 


MICROFLEX RESET COUNTER 


Represented above are but a few of the complete line of popular EAGLE 
Industrial Timers and Counters. 


Models are available in a wide range of modifications to fit your particular 
application, Modern compact design and precise construction of these EAGLE 
components has won them an enviable coast-to-coast reputation for accuracy 
and long service-free life of operation. Write us about your needs. 


MAIL COUPON TODAY! 


EAGLE SIGNAL CORPORATION 
Industrial Division, Dept. PEH-55 
MOLINE, ILLINOIS 


Please send free Automation Booklet “See What 
Timing Can Do For You." 


NAME AND TITLE 


COMPANY 





ADDRESS 


city STATE 


Catalogs and Bulletins continued 


(T-24) PERMANENT MAGNET D-c 
Morors—Catalog F 4344-1, 19 pp, 
contains data sheets on typical motors 


irom 6 t> 115 v, dc, outputs to %4 o 
hp. Barber-Colman Co., Rockford, Ill. 


(T-25) SYNCHRONOUS MOTORS — 
Bulletin PB-110, 8 pp, covers line of 
synchronous, clutch unit and dual 
motors for instruments and controls. 
Includes cutaway views, dimension dia- 
grams, speed ranges, shaft details, con- 
struction schematics. R. W. Cramer 
Co., Inc., Centerbrook, Conn. 


(T-26) Motors oF 1/200 To 1/40 
Hp—Catalog F 4271-5, 4 pp, describes 
unidirectional motors available in nine 
power ratings. Also describes other 
types of unidirectional synchronous, 
reversible, and geared head, shaded 
pole motors with ratings up tol /20hp. 
Barber-Colman Co., 1200 Rock St, 
Rockford, Ill. 


(T-27) SQUIRREL- CAGE MOTOR 
STARTERS—Folder, 4 pp, describes 
starters for single and polyphase mo- 
tors designed to be used in both 
normal and jogging operation. Allis- 
Chalmers, Milwaukee 1, Wisconsin. 


(T-28) A-c Motors—Booklet, 6 pp, 
describes line of single-phase capacitor 
type and polyphase squirrel cage mo- 
tors. Brooks Motor Corp, 3555-57 W. 
Peterson Ave., Chicago 45, IIL 


(T-29) AIR MOTORS, COMPRESSORS, 
PuMPs—Bulletin 1054, 11 pp, de- 
scribes how 35 product component 
problems were solved. Contains hp re- 
quirements, air pressure or vacuum 
used, rpm ratings and other data. Cast 
Mfg. Corp., Benton Harbor, Mich. 


(T-30) FLANGE-MOUNTED PERMA- 
NENT - MAGNET MOTOR — Leaflet 
PM36-954, 2 pp, includes dimensional 
details on this 20-w, 6,000-rpm unit. 
Specification data are tabulated and 
performance curves given to cover re- 
lationships between torque output and 
input current, rpm, output watts and 
per cent. efficiency. Dalmotor Co., 1362 
Clay St., Santa Clara, Calif. 


(T-31) DIESEL ENGINES — Bulletin 
194A, 11 pp, design, ratings, various 
arrangements of enginêš and acces- 
sories, typical installations of four- 
cycle, one-, two- and three-cylinder 
engines for continuous or standby use. 


Nordberg Mfg. Co., Milwaukee, Wis. 
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UNIVERSAL 
AND D.C. 
MOTORS 
1/45 to 1/30 H.P. 1/40 to 1712 H.P. 1/75 to 1/20 H.P. 1/15 to 1/8 H.P. 1/40 to 1/20 H.P. 1/16 to 1/8 H.P. 


THE MOST COMPLETE LINE OF 


21112 #512 


Sra dt 


1/12 to 1/6 Н.Р. 1⁄50 to 1/13 H.P. 1/35 to 1/10 H.P. 1,200 to 1/75 H.P. 1,20 to 1/10 H.P. 1/40 to 1/20 H.P: 1/8 to 1/2 H.P. 


FRACTIONAL HORSEPOWER MOTORS 


73000 GEAR MOTOR 


— 


SHADED 
POLE 


MOTORS "Мб 
1/2000 to 1/4500 Н.Р. 1/200 to 1/80 H.P 1/200 to 1/80 H.P. 1/200 to 1/80 H.P. 1/30 to 1/70 H.P. OUTPUT 120 IN.-LB. 


IN THEE ENTINMELESINDUSTIETY.. 


72500 


INDUCTION 
MOTORS 


1/25 10 1/15 Н.Р. 1/15 to 1/8 Н.Р. SERVO MOTOR 1/300 to 1/1400 H.P. 1/100 to 1/15 H.P. 1/25 to 1/4 H.P. 


OWARD 


Universal and Direct Current Motors 1/1000 to 1/2 H.P. cooperate with you in selecting the right motor 
€ Shaded Pole Motors 1/2000 to 1/8 H.P. for your application. 
* Induction Motors 1/1400 to 1/4 H.P. 
€ Dynamotors € Blowers € Gear Motors Howard motors have been used in more than 85,000 
applications over the past 20 years by the leading 
The motors illustrated on this page represent the versatility companies of America. 
of Howard fractional H.P. motors. Catalog pages are | 
; ; DEPT. PEH +» HOWARD INDUSTRIES, INC. +» RACINE, WIS. 
available on all motors illustrated as well as gear 


units, mounting bases and blowers. 


If you have a fractional H.P. motor application, check with HOWARD 


Howard. Our engineering department will be glad to 


SALES OFFICES: 208 S. La Salle St., Chicago 4 + 942 S. La Brea Ave., Los Angeles 36 » Room 4822, Empire State Bldg., New York I 


DIVISIONS: Me) ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS 
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Complete motors or matched motor parts— 
either standard or custom-designed. In either 
case R & M engineers help you select the 
right motor for your job. 


Helping You Get the Right FHP Motor 
Is Important Business—at R&M 


HE MOST important single factor in 
assuring dependable motor perform- 
ance is to get the right motor for the job! 


The motor must be matched to your prod- 
uct’s requirements. If it is, you can install 
the motor and forget it. If it is not, you'll 
hear—unfavorably—from your customer, 
That's why R & M engineers make such an 
issue of getting the right motor for your 
product. 

R & M offers a wide variety of fractional- 
horsepower motors and matched motor 
parts, But you may have special require- 
ments that a standard motor won't meet. 
If so, we'd rather design a special motor to 
meet these requirements than see you get 
an “off-the-shelf” compromise. 

We Custom-Design— 


Economically 


Ordinarily, custom-designing is a slow, ex- 
pensive process. Here at R & M things are 
different. We have designed the unique 
R & M "Electrical Slide Rule." This is a 
motor-performance computer that, in a 
matter of minutes, gives the designer the 
answers to a complicated set of formulas 
that usually takes days—even weeks—to 
work out, Naturally it's to your benefit as 
well as ours to offer this service. 

Our small motors have a gratifyingly low 
failure raté. We do some special things to 
assure this—diamond-turned commutators, 
special varnish impregnation, glass insula- 
tion where temperatures require, and so on, 






Many Satisfied Users 


R & M's satisfied customer list includes 
such well-known names as Skil, Buckeye, 
Kiekhaefer Corp., and Monarch Machine 
Tool. For IBM typewriters we designed a 
motor that had to meet a “‘can’t-be-done” 
situation. It had to have lots of torque and 
power, run cool and silent, and occupy a 
minimum of cramped space. As a result of 
the satisfaction with R & M’s design in the 
typewriter, IBM now uses 19 R & M motors 
in its electronic computer. 

In its high-speed grinder, Skil needed a 
motor that would provide plenty of power 
over long periods without overheating and 
give long service. Skil continues to use 
R & M motors—in drills, hedge-trimmers, 
saws, sanders, and many other products. 


Get Complete Information—Free 


R.& M motors meet tough requirements in a 
wide variety of products, from office appliances 
to machine tools. We feel well qualified to help 
you. It won't cost anything to find out. Out- 
line your requirements—we'll work with you— 
in confidence, of course. Drop us a line, or call 
the nearest R. & M office. 


ROBBINS < MYERS, me. ( 


MOTOR DIVISION: SPRINGFIELD, OHIO * BRANTFORD, ONTARIO 


Vo $ So 


Hoists and 
Integral HP motors Fans Cranes 


Fractional and Mousehold 


from 1/200 to 200 HP 





























Features of R & M Motors 


standard or special heat- 
resistant glass insulation 








special varnish 
impregnation 


dynamically 
balanced 


armatures болед леа 


commutators 


Get These Bulletins 


Write for those you'd like to have: 

C) Motor Parts for 
Portable Tools 

C] Universal Motors 

C Capacitor Motors 

C] Polyphase Motors 

2 ка М All-Weather } 
Motors—up to 
200 Horsepower 





"All. Weather” is on R&M trademork 





Large and Small 
Moyno Pumps 


Propellair Industrial 
Ventilatng Equipment 






FAIRCHILD 


FRACTIONAL HORSEPOWER 
MOTORS UP TO l/2 H. P. 


ECONOMY 


Above you can see a few of the many fractional horsepower motors 
designed, engineered and produced by Fairchild Industries. For over 20 
years we have successfully produced motors and electronic equipment 
to meet the rigid specifications of government and industry. 

If you use or contemplate using F.H. motors in your product consult us. 
Remember, the name Fairchild is your guarantee of getting the best io 
appearance, performance and price. 


IRCHILD INDUSTRIES 


DIVISION OF FAIRCHILD CAMERA & INSTRUMENT CORP. 
110 MAIN STREET - BURLINGTON, VT. 
SEND MOTOR DATA SHEET NO.34 


NAME TITLE 
co. 

ADDRESS 

CITY 








WANTED 


New Uses for this 
powerful, compact 


AIR MOTOR 


Only 314 inches in diameter 
and less than 13 inches long, 
this Keller variable speed Air 
Motor is able to develop a full 

horsepower. It makes fast 

starts and stops, and operates 

continuously without burn- 

outs or motor damage. 


There are literally thousands 
of applications for this motor 
. we would like to know 
about them. Tell us about 
yours, and ask for Bulletin 71 
giving detailed information 
about Keller 71J-40 Series 
Air Motors. 


9; KELLER TOOL 
» GARDNER-DENVER 


GRAND HAVEN, MICH. 


Special and Standard 


POLLAK 
CONTROLS 


Accurate, Dependable, Long Life 


Nearly a half century of experience 
in specialized design and production 
of precision components . . . 


RELAYS 
COMPUTER 
COMMUNICATIONS 
MINIATURE 
COAXIAL 
FREQUENCY 

HIGH VOLTAGE 


PULSE 
MINIATURE HERMETICALLY SEALED 


SOLENOIDS 

MINIATURE 

PLUNGERS FOR PUSH OR PUL 

300 CUSTOM TYPES FROM 20 STANDARD 
A 


SWITCHES 
ROTARY SELECTOR 
MOMENTARY 

PUSH PULL 
TOGGLE 


OUR ENGINEERS CAN HELP 
SOLVE YOUR PROBLEMS 
Take advantage of POLLAK free 
engineering design service. Our 
factory-trained engineers аге 
available to help you solve diffi- 
cult relay, switching and elec- 

trical control problems. 


WE INVITE YOUR INQUIRY 


JOSEPH POLLAK 
CORPORATION 


Dept. B, 75-95 Freeport Street 
Boston 22, Mass. 
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NORMAL SIDE 

SS eee 
TIME DELAY 
RELAYS 

Supplied as “built 
in" components of 
automatic transfer 
switches, these re- 
lays cause the 
switch to ignore 
harmless power 
dips and outages 
protecting the gen 


ASTA the one source for every 
EMERGENCY ELECTRICAL CONTROL 


EMERGENCY SIDE 


. a aes араа 


The Automatic Switch Company designs and manu- 
factures all electromagnetic control equipment for 
standby emergency power installations. Depend- 
able ASCO equipment serves hospitals, hotels, 
television studios, mines, railroad and subway gen- 


erator from faise 
starts. They per 
mit transfer of load to emergency 


I 
' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
| 
I 
I 
4 
I 
l 
| 
i 
I 
i 
nly if outage is sustained. Also І 
i 
I 


erating stations — wherever continuity of light and 
power is a necessity. And ASCO equipment is of 
particular importance in microwave installations 
and for restaurants and toll booths on new super 
highways. 


DEMAND START PANE 


gned to start engine automat 


CLOSE DIFFERENTIAL RELAYS 
These relays provide “adequate 
voltage power (overvoitage and 
undervoltage protection). They 


cause the transfer switch to 


и ur | transfer the ог ў to emergency 
а 5 lifferen in power 
RE = RRR 


BATTERY CHARGER 
Uperating from the 
normal supply, this 


Avaiiabie Tor a е5 0 T MT 7/50 volts AC-DC harger keeps 
' 


TRANSFER 


ENGINE STARTING PANEL 


t ranking f electrica 


tia these switches tr r connected load to emergency electr plant 


e failure. Pane power sources whe mal power fails or is substantially Ў Starting batteries 
reduced. Ünce the normal source is again at proper volt charged, ready for 
age and frequency the load is autom: ET turned ы engine startin 


Designed in sizes from 10 to ] mperes. AS Can supply trickle 


m , 1cfar wit oq 7 thra T, ^r T 
matic Transfe witche 7 ib v, inhe or high rate 


interlocked types charge 
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WRITE US FOR MORE DETAILED INFORMATION ON ASCO ELECTRO- 
LOAD SIDE MAGNETIC CONTROL EQUIPMENT FOR EMERGENCY STANDBY POWER. 


----- M — — —À )— n e "UA 


i 
REMOTE CONTROL 
SWITCHES 


BULLETIN 911 
For higher amperage, this remote con 
trol switch may be used for a!l classes 
of load, 600 volts AC, 250 volts DC 
maximum. It is available in 2-pole 
3-pole and 4-pole types and is rated 
up to 1000 amperes 


BULLETIN 920 


switches are used ! 


Automatic Transfer Switches 
Electromagnetic Controls 


ote сог 
disconnect distribution. circuits. UL 
approved to 600 volts, AC, 250 volts 
DC. ASCO has a complete line of RC's 


from 10 to 1000 amperes. This one is 


rated for loads up to 200 amperes 


 ————— ——r—- ——— i — —— 


To learn more about ASCO equipment: See Section I for 
data on ASCO Electromagnetic Controls — relays, con- 
tactors, solenoids, complete control panels. See Section ] 
for information on the extensive line of ASCO Solenoid 
Valves. 
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Zenith 


HAS A WIDE RANGE 
OF CARBURETOR TYPES 


TO FIT A WIDE RANGE 


OF APPLICATIONS! 


Are you looking for an unusual size or type of 
carburetor? Perhaps Zenith* has the answer to 
your problem. For more than 35 years Zenith 
has been designing and building carburetors for 
every type of engine—ranging from single 
cylinder lightweights to the most rugged and 
powerful of gasoline engines. The chances are 
you can use a unit Zenith is now making and avoid 
he cost of a specially designed carburetor. 

Ən the other hand, if your carburetor require- 


ments are highly specialized, Zenith’s engineer- 
ing experience will prove invaluable in solving 
questions of placement, efficiency and economy of 
operation. Just remember, whatever your carbu- 


retor problem, it will pay you to look to Zenith 
for the answer. 


ZENITH CARBURETOR 
ivision oF Bendi 


aviation coarenatios 


*REG. U.S. PAT. OFF. 


696 Hart Avenue, Detroit 14, Michigan 
MANUFACTURERS OF FINE CARBURETORS AND FUEL FILTERS 
Export Sales: Bendix International Division, 205 Eas! 42nd Sirei', New York 17, N. Y. 


VARIABLE 
FREQUENCY 


POWER 
SUPPLY 


Model VFS-250 


For testing electronic and electrical equipment 
For powering vibrators and choppers 
For controlling synchronous motors 


Check these features... 


Output power to 300 volt amps 
8 Output frequency 45-2000 cy 
Output voltage 0 to 135 v. a. c. 
Regulation — No load to full load 1% 
105 v to 125 v line 1% 
Full negative feedback for instantaneous control 
Compact, accessible bench top unit 
fits within standard rack 


XE VECHRON, ic 7 


| 1616 TRAPELO ROAD * WALTHAM 54, MASS. 


VECTRON FOR DESIGN AND MANUFACTURE OI 


Gyros and Gyro Systems Precision Mechanical Devices 


Gyro Stabilized Platforms Computers and Calculators 


Servo and Gyromechanisms Special Gears and Assemblies 


Aircraft Instruments Synchros and Control Motors 


FOR FAST HELP 
ON DESIGN PROBLEMS 


... consult the 


PRODUCT INDEX 


of this 


HANDBOOK ISSUE 


(Begins on page 12) 
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OW ARE YOUR COMMUNICATIONS ? 


Do the booklets, pamphlets, and manuals you use really work for you? 


Are these vital publications, that tell the story of your products and your 
company, as effective, readable, well designed and illustrated as they can 
be? Today more than ever, your entire operation is judged by each annual 
report, employee manual, and public relations piece that you produce. 


Have you examined your communications lately? If you have any doubt 


as to the impact of your instructional and promotional literature, 
remember .. . 


COMMUNICATION IS OUR BUSINESS 


For a good many decades McGraw-Hill has stood for complete coverage 
in the business literature field. Now the McGraw-Hill TECHNICAL WRITING 
Service offers a new approach to your publication problems — an inte- 
grated writing, editing, illustrating, and printing service for the custom 


production of: INSTRUCTION MANUALS, PRODUCT BULLETINS, TRAINING AIDS, 
INDUSTRIAL RELATIONS LITERATURE, ANNUAL REPORTS, COMPANY HISTORIES, 
PROCEDURAL GUIDES and other collateral literature. More than 150 editorial 
and graphic experts are at your disposal, ready to prepare high-quality 
material to your own or government specifications. Save time, save money 


. and make your communications work! Let our staff be your staff for 
technical and business publications. 


MeGraw-Hill Book Co. TECHNICAL WRITING SERVICE 


Write or phone Technical Writing Service, McGraw-Hill Book Co., Inc. 
330 West 42nd Street, New York 36, N. Y. e LOngacre 4-3000 


This service is available through ad agencies. 
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engineered to meet your needs 


Careful analysis and testing of your product together with 
experienced RAE Engineers is your assurance of the best 
motor for the job. RAE offers outstanding service and 


quality in a large variety of motors in voltages up to 250, 
and up to Yg H.P. (higher for intermittent duty) with many 
gear head motor combinations. Let us put our years of 
motor building experience to work for you. 


Send for the “RAE” service sheet. 
it will help you supply the data 
W AC/DC Universal necessary for recommendations and 


@ DC Shunt wound prices. 


@ DC Series wound 
ШЕ DC Compound wound 
@ Gear Reduction Motors 


Im Governor Controlled Motors VZET: MOTOR CORP. 


ЕШ Motors for Rheostal Control 


WE Molors for Electronics Contro! — iiA ЕС АШ 





KELLER 
AIR MOTORS 


€ Compact design with 
high power-to-weight ratio. 
Enclosed construction. 


© Efficient with either high 
or low air pressure. 


@ Positive-acting, piston- 
type, constant torque motors 
with infinitely variable 
speed in either direction. 


© \% To 2% hp in a wide 
range of speeds and torques. 


qu Pt ancien 


Bulletin No. 70 


hi KELLER TOOL 


pivisiou or GARDNER-DENVER 


GRAND HAVEN, MICHIGAN 








Catalogs and Bulletins continued 


(T-32) TORQUE MOTORS—Catalog 
E1-3A, 25 pp, lists physical character- 
istics, dimensional drawings and per- 
formance curves and provides electrical 
specifications in appropriate groupings 
for induction units ranging from 1000 
со % hp, for single, two, and three- 
phase operation, 15 to 400 cycles. 


Electric Indicator Co., Inc., Springdale, 
Conn. 


(T-33) SERVO Motors—Catalog 5, 4 


pp, contains drawings, tables and de- 


scriptions devoted to servo motors, 
tachometer-generators. G-M Labora- 
tories, Inc., 4300 N. Knox Ave., Chi- 
cago 41, Ill. 


(T-34) Six-CvLINDER INDUSTRIAL 
ENGINES—Bulletin, 4 pp, provides 
power curves, engine specifications. 


Willys Motors Inc., 1320 N. Cove 
Road, Toledo, Ohio. 


(T-35) DiRECT-DnivE FAN MOTORS 
— Bulletin, 2 pp, describes % 2, Yê and 
W% hp motors, having integral mounts 
for four or six fan blades. Electric 


Motors & Specialties, Inc, King and 
Hamsher St., Garrett, Ind. 


(T-36) ELECTRIC-MECHANICAL Gov- 
ERNOR—Bulletin T-8500, 4 pp, de- 
scribes and illustrates a load sensitive 
governor. Construction features, oper- 
ating characteristics, models and ap- 
plications are provided as well as pho- 
tographs and schematics. Leach Corp., 
4441 Santa Fe Ave., Los Angeles 58, 
Calif. 


(T-37) CONSTANT-SPEED MOTOR— 
Form SC-23, 2 pp. Performance curves 
are included giving data on output 
watts, speed, efficiency and input am- 
peres plotted against torque output. 
Dalmotor Co., 1362 Clay St., Santa 
Clara, Calif. 


(T-38) COMMUTATOR MOTORS — 
Catalog El-2A, 22 pp, covers over 
250 models of commutator-type mo- 
tors. Electrical characteristics, ratings 
and other details are given in tables, 
curves, photographs and engineering 
drawings. Electric Indicator Со, 
Springdale, Conn. 


(T-39) ELECTRIC Motors—Booklet, 
11 pp, presents data on available motor 
types, dimensions, ratings, control ar- 
rangements. Allis-Chalmers Mfg. Co., 
866 S. 70th St, Milwaukee 1, Wis. 
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USE TIME-SAVING COUPONS BELOW 


fo request further information on 


all products advertised in this Handbook Section 


... їо request your copies of product catalogues 


and bulletins listed and described in this section 


C You will find similar coupons at the end of each Handbook Section ) 


CONSULT THE PRODUCT INDEX 


beginning on Page 12, when you 
want all available information on 
a particular type of product: this 
Product Index is your guide to all 
advertisements in this Handbook 
issue by manufacturers of this 


type of product. 


CIRCLE THESE NUMBERS FOR FURTHER INFORMA- 
TION ABOUT ADVERTISERS APPEARING IN THIS 


SECTION 


H26-7 H28 H29 H30-1 H32 H33 


H35 H36-7 H38 H39 H40-1 H42 
H44-5 НІ46 НЕ46 Н47 H48-9 H50 
H52-9 H54 H55 H56 H57 H58 


H60 H6] HL62  HTR62 HBR62 
HBL66 


CIRCLE THESE NUMBERS FOR YOUR COPY OF 


BULLETINS LISTED IN THIS SECTION 


TI T2 T3 T4 TS T6 T7 

T9 we n 313 TIS Oe 
ti  TI9  T20 T21 7T22 T23 
T26  T27  T28 T29 TO ТШ 


For specific information about products: 


H34 


H43 
H51 
H59 


If you have specific questions to ask about any 
product advertised, a letter direct to the manu- 
facturer, at the address given in his advertise- 
ment, will be welcome. For clarity and prompt 
service, include reference to Product Engineer- 
ing's Product Design Handbook issue for 1956, and 
page number of advertisement prompting your 
letter. 


CIRCLE THESE NUMBERS FOR FURTHER INFORMA- 
TION ABOUT ADVERTISERS APPEARING IN THIS 
SECTION 
H26-7  H28 H29 H30-1 H32 H33 H34 
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NEW BOOKS 
Electrical and Electronic Components 


Servomechanisms and Regulating 
System Design by Harold Chestnut 
and Robert W. Mayer, Aeronautics 
and Ordnance Systems Div., Gen- 
eral Electric Co. 6 x 9V4 in., 384 pp. 
Published by Jobn Wiley & Sons, 
Inc., 440 Fourth Ave., New York 
16, N. Y. $8.50. 


The authors state the problems met 
in the design of regulators and control 
systems and develop methods for their 
solution. Although an analytical ap- 
proach is employed, the emphasis is 
placed on practical design procedures. 
The first chapter is on measurement 
of quantities before, during and after 
the design process. Chapter 2 deals 
with the definition of user's require- 
ments in terms of control-system de- 
sign specifications. Techniques for de- 
fining both desired and unwanted 
signal inputs are presented. In Chap- 
ters 3 and 4 methods are discussed for 
selecting the power and stabilizing 
portions of the control system to meet 
the requirements of the signals defined 
in the previous chapter. 

The requirements of the servomech- 
anism amplifier which matches the 
stabilizing elements to the power ele- 
ments of the loops are discussed in 
Chapter 5, with particular emphasis 
on the design factors required to mini- 
mize gain changes and drift due to 
changes in tube parameters and other 
components. Chapter 6 is devoted to 
a-c servomechanism design. 

The last three chapters deal with the 
subject of nonlinearities in control 
system design. 


Storage Batteries by George Wood 
Vinal, formerly Pbysicist, National 
Bureau of Standards. 914 x 61⁄4, 446 
pp. Fourth Edition. Published by 
John Wiley © Sons, Inc., 440 
Fourth Ave., New York 16, N. Y. 
$10. 


Sets forth the scientific principles 
of storage batteries, yet retains a prac- 
tical treatment of the subject. Physical 
and chemical properties of the mate- 
rials in batteries are discussed and a 


Нез 


general description of the manufactur- 
ing practices is presented. The princi- 
ples of storage battery use are included, 
covering charging and discharging, 
constant current charge, modified con- 
stant potential charge, boosting, equal- 
izing and trickle charge, floating, sys- 
tem-governed charge, gas evolution, 
and the effects of high and low tem- 
peratures. 

Industrial applications are described 
including telephone service, railway 
signalling, car lighting, air condition- 
ing, automotive starting on passenger 
cars, diesel starting, trucks and trac- 
tors, shipboard use, aircraft batteries 
and mining operations. 


Elements of Servomechanism The- 
ory by George J. Thalter, Director 
Engineering, Associate Professor of 
Electrical Engineering, U. S. Naval 
Postgraduate School. 614 x 914 in., 
282 pp. Published by the McGraw- 
Hill Book Co., 330 W. 42 St., New 
York 36, N. Y. $7.50. 


The elements of feedback control 
theory and modern methods of appli- 
cation are presented on a level suitable 
for undergraduate study. The basic 
theory is presented without using op- 
erational calculus or complex-variable 
theory. The frequency-response meth- 
ods of analysis are emphasized, since 
these are commonly used in practical 
engineering work. In order to provide 
adequate practice in modern tech- 
niques of system analysis both polar 
and logarithmic approaches are treated 
simultaneously. 

This book covers loop systems and 
offers sufficient material on multiloop 
systems to introduce the problems in- 
volved and also the basic methods of 
solution. In order to integrate and 
compare the polar and logarithmic 
methods of solution, both are intro- 
duced with an explanation of the basic 
gtaphical plots. Following this the 
procedure is extended to numerical 
illustrations of typical problems. A 
number of closed-loop systems are 
postulated, numerical values are given 
for the components, and a desired per- 


formance characteristic is specified. 
The adjustment or compensation re- 
quired is computed, using both loga- 
rithmic and polar methods. Each step 
in the computation is given, together 
with the reasons for that procedure. 


Proceedings of the National Elec- 
tronics Conference Vol. IX. 6 x 9 
in., 958 pp. Publisbed by tbe Na- 
tional Electronics Conference, Inc., 
84 East Randolph St., Chicago, Ill. 
$5. 


Included in this volume are all 98 
technical papers presented at the Ninth 
National Electronics Conference, pro- 
viding a permanent record of the tech- 
nical material presented and furthering 
the Conference’s objective of dis- 
seminating electronic information. The 
book’s contents are separated into 
twenty-three categories: General; Cir- 
cuits I and II; Magnetic Amplifiers; 
Audio and Microphonics; Servomech- 
anisms; Ultrasonics; Materials and 
Components; Filters I and II; Tele- 
vision I and II; Electron Tubes I and 
II; Nucleonics; Computers; Network 
Synthesis; Transistors; Instrumenta- 
tion I and II; Microwaves; Engineer- 
ing Management and Communication 


Electrical and Electronic Apparatus. 
10% x 8 in., Order No. 111468. 
Available from Office of Technical 
Services, U. $. Dept. of Commerce, 
Room 6227, Washington 25, D. C. 
$4. 


Described in this book are 1,915 
inventions applicable to the electrical 
and electronic apparatus industry, cov- 
ered by patents active as of Dec. 31, 
1953. For each invention, the name of 
the inventor, the name of the govern- 
ment agency administering the patent, 
and an abstract of the patent are given. 
Evaluation of the invention with re- 
spect to its industrial application is 
facilitated by an examination of the 
technical data contained in the ab- 
stract. Patents are also obtainable from 
the Patent Office, Washington, D. C. 
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From: General Motors Engineering Journal* 
Westinghouse Machine Tool Forum 


Future of Vacuum Tubes 


ап 


Fig. 1—The actions of electrons and 
holes at V.P junctions determine the 
conductivity of junction-type tran- 
sistors. (A) in the equilibrium condi- 
tions no potential is applied. (B) when 
polarized in the forward direction 
maximum conduction occurs. (C) 
when polarized in the backward direc- 
tion littl conduction takes place. 


Transistors 


Characteristics of vacuum tubes and transistors. 


Machine tool applications of transistors. Types 


of transistors and amplication methods. 


TRANSISTORS, AT PRESENT, are used in 
hearing aids, telephone switching cir- 
cuits and computers. They have, how- 
ever, a bright future in the control of 
machine tools, for electronic equip- 
ment, and other applications where 
their high standards of reliability, rug- 
gedness and long life are needed. But 
the application must be designed for 
use of a transistor and should not be 
merely an attempt to replace a vacuum 
tube with a transistor. 

The first transistor was classified as 
a point-contact type. Later units were 
called junction types. The point-con- 
tact type consists of two closely adja- 
cent, pointed conductors contacting a 
small wafer of the semiconductor, 
germanium crystal. The two con- 


* The Journal is available regularly only to 
engineering educators and technical libraries. 


(B) 


<- — Grown crysta/l-WN type 
v 


* Mix changed to P type 


tactors, plus an ohmic connection to 
the crystal, are the contactors to this 
triode. One of the two contactors is 
the emitter; the other, the collector; 
and the crystal with its ohmic connec- 
tion is the base. The input of the 
point-contact type is usually between 
the emitter and base, and the output is 
between the collector and the base. 

In the point-contact type transistor, 
rectification takes place at the point of 
contact to the crystal. The N-type 
germanium crystal has negative con- 
duction because of excess electrons and 
is the donor; the P-type crystal has 
positive conduction because of the de- 
ficiency of electrons and is the acceptor. 
In a junction type unit consisting of 
two sections of semiconductors of one 
polarity conductivity separated by a 
central section of semiconductor of 
the opposite polarity conductivity, the 


Mix again changed - N type 


Fig. 2—The point contact, grown junction and alloyed junction types of transistors. (A) point-contact type the emitter 


bias is positive and the collector negative with respect to the base. 
emitter bias is negative and the collector positive with respect to base. 


(B) grown junction type with N-P-N polarities the 
(C) alloyed junction type with P-N-P polarities is 


biased similar to point-contact type; emitter is positive and the collector is negative with respect to the base. 
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action takes place at the junctions he- 
tween each section. Each of these 
triodes is, in reality, two diode recti- 
fiers back to back. Fig. 1 indicates 
the action of the electrons and holes 
at the junction of P- and N-type semi- 
conductors. 

Amplification by the transistor de- 
pends upon the phenomenon of con- 
trolled injection of so-called minority 
carriers at the emitter junction, that is, 
the junction between the emitter and 
the base. To provide this injection, 
the diode portion, comprised of the 
emitter and the base, is biased in the 
forward-current direction so that the 
resistance of this section is relatively 
low, as shown in Fig. 1(B). The col- 
lector and base diode portion of the 
transistor is biased in the reverse-cur- 
rent direction, making its resistance 
higher than that of the input. Fig. 
1(C) shows this effect. 

In Fig. 2 is shown the action of 
transistors of the point-contact type, 
Fig. 2(A); that of the grown junc- 
tion type, Fig. 2(B); and that of the 
alloyed junction type, Fig. 2(C). 
The point contact type has the crystal 
or base of N conductivity. The grown 
junction transistor is of N-P-N polar- 
ities and the alloyed junction type is 
of P-N-P polarities. 

Three possible connections of the 
triode transistor as compared with 
three basically similar connections of 
the triode vacuum tube are shown in 
Fig. 3, along with some of the for- 
mulas involved. 

From these amplification phenom- 
enon and from the triode circuitry it is 
easy to see that the transistor has char- 
acteristics that are different from those 
of the vacuum tube. For this reason 
circuits and designs must be made to 
take advantage of the characteristics of 
the transistor or the characteristics of 
the vacuum tube. 


Characteristics of Transistors 


Some characteristics of the vacuum 
tube and the transistor are similar but 
others differ considerably. For ex- 
ample, the grid of a vacuum tube draws 
practically no power from the signal 
source; a transistor requires a small 
but often appreciable power. In most 
applications, the vacuum tube is con- 
sidered invarient with temperature; 
some of the transistor's properties vary 
greatly with temperature. In attempt- 
ing to apply transistors, determination 
of any properties that permit it to per- 
form functions in a circuit or design 
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Fig. 3—Three possible transistor, grounded emitter, grounded base, grounded 
collector, and basically similar vacuum tubes connections with formulas. 


that are not practical with vacuum 
tubes should be considered. 


SIZE AND WEIGHT: Assembly 
weight, although affected by whether 
a transistor or a vacuum tube is used, 
is more often determined by other 
components. In some instances, the 
components used with the transistor 
will be larger but more often smaller 
and some will be eliminated. 

For example, the transistor's low im- 


Product Engineering — Mid-October, 1955 


pedance often requires the use of a 
transformer in place of the small, low 
cost resistor and condenser coupling 
network frequently used in certain 
vacuum tube circuits. Because of this 
low impedance, high-capacity by-pass 
and filter condensers are necessary. On 
the other hand, these condensers can 
be of low-voltage construction in con- 
trast to those in the vacuum tube's 
high-voltage circuits. Then, for port- 
able equipment powered by a battery, 
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the transistor circuit is smaller and 
lighter than a vacuum tube circuit. 
Also, for power line operation, no high- 
voltage power supply is needed with 
the transistor circuit. 


CURRENT DRAIN: Transistors have 
the ability to control power flow with 
an over-all efficiency of 98 or 99 per 
cent. This property exists because of 
the very small voltage drop across the 
unit under proper conditions. The 
drop is less than one volt for large cur- 
rent densities. 

About one-half of the total power 
consumption of the smaller vacuum 
tubes is caused by the filament to heat 
the cathode. The energy taken by the 
filament alone is frequently many 
thousand times that of the energy on 
which work is performed. Reduction 
in size and handling power of a tube 
is limited by the fragility of the fila- 
ment and other elements. Not having 
these fragile elements very light serv- 
ice transistors which consume only 
about 10 microwatts of power have 
been made. Present larger units have 
power consumptions one-fifth to one- 
twentieth that of vacuum tubes for 
comparable service. 

Low current drain is of particular 
value in small, portable devices, for 
the battery size and weight then can 
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Fig. 4— Curve showing relationship in a 200 milliwatt transistor between voltage 
across the unit and load current fixed input currents. 
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be much less and/or its life greatly 
prolonged. 

Since there is no filament, power 
consumption is small and there is no 
warm-up time. Absence of warm-up 
time is an advantage if the device is 
used in applications where it is 
switched off and on and immediate 
operation is necessary when switched 
to the on position. 


CURRENT OPERATION: Transistors 
are particularly suited for use with low 
voltage electrical systems. Because it 
is current operated, rather than volt- 
age operated as is the vacuum tube, it 
will work directly from such an elec- 
trical system and not require a high- 
voltage power supply. Also, being of 
low-impedance and a current amplifier, 
it is better suited than the high-im- 
pedance, voltage amplifier vacuum tube 
to couple into low-impedance, power- 
or-current-operated devices such as 
relays, servomechanisms, loudspeakers 
and similar devices. 


Transistor Application 


A major obstacle in the application 
of transistors has been the difficulty of 
obtaining a stable operating point since 
the entire family of voltage vs current 
characteristics shown in Fig. 4 moves 
considerably with temperature and may 


Equivalent configurations 


Fig. 5—Circuit diagram of transistor 
being used as a relay. 


differ significantly from unit to unit. 
However, if the unit is used for switch- 
ing applications it is not subject to the 
severe temperature restriction which is 
general to transistors when used as 
linear amplifiers. 

A transistor can actually control a 
load power equal to about 50 times the 
rated dissipation if its operating points 
are restricted to lie at the ends of the 
load line and if the switching time is 
fast. The transistor when operated in 
this manner is analogous to a relay 
which closes a switch in series with the 
load when the input to its coil is ener- 
gized, Fig. 5. This characteristic is of 
prime importance to the machine tool 
industry. 

An obvious application of a switch- 
ing transistor would be to replace a 
relay and take advantage of the fact 
that a transistor can operate at high 
speeds and has no contacts to pit or get 
dirty. The unit does have the limita- 
tion that it is only a three terminal 
device and, hence, it must have one 
lead common to both input and out- 
put. Also, it carries only the one con- 
tact. However, many power control 
circuits can incorporate such units. 

Two switching transistors can be 
used to make a variable frequency 
power amplifier, Fig. 6.. If a square 
wave is applied to the input of the 
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Fig. 6—Circuit diagram of two switch- 
ing transistors used to make a variable 
frequency power amplifier. 


circuit, the two transistors are alter- 
nately turned on and off, thereby con- 
necting the supply battery to alternate 
ends of the winding, and, thus, pro- 
ducing a square wave at the output of 
the same frequency but of a much 
higher power than the input. 

One possible application might be 
as a component in a tape-controlled 
machine tool. For example, speed 
information could be recorded on the 
tape as a square wave of variable fre- 
quency. The pickup head might feed 
into an all transistor amplifier having 
two of three stages of the type shown 
in Fig. 6. The output of the amplifier 
could drive a synchronous motor at 
the required speed. This system would 
provide a precise speed control with- 
out the complexity of a feedback loop. 


With minor circuit variations, tran- 
sistors can also be used to pass alter- 
nating currents and block alternating 
voltages. It is conceivable that tran- 
sistors may replace contactors in induc- 
tion rotor starters and other a-c equip- 
ment. 

For switching applications a thyra- 
tron or ignitron may also be used. 
However, the transistor has two advan- 
tages over the gas-filled tubes that 
makes applications more flexible: it 
can carry or block currents in either 
direction; and can be turned on or off 
at any desired instant. With proper 
driving circuitry, the transistor may be 
made to perform as a thyratron but not 
conversely. 

For example, a static field control 
circuit that may replace rotating ampli- 
fiers and exciters is shown in Fig. 7. 
Advantage is taken of the fact that the 
transistor can pass current in either 
direction and may perform functions 
that are not practical with thyratrons. 

In this circuit, the transistors A— 
A are closed while B—B are open 
and conversely. If A—A are closed, the 
battery is connected across the field 
so that the field polarity is as shown; 
if B—B are closed the field polarity is 
reversed. Thus, the circuit functions 
similarly to a double-pole, double- 
throw reversing switch with the added 
advantage of instantaneous action, since 
the polarity of the field can be reversed 
without ever opening the field circuit. 
Thus, there will be no high-voltage 


surges and no discontinuities in the 


———— Voltage 
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current. The average field current can 
be controlled by varying the ratio of 
the time that one polarity of voltage 
is applied to the field to the time the 
other polarity is applied. 

Typical waveforms are also shown in 
Fig. 7. If the frequency of these rec- 
tangular voltage waves is very high 
compared to the reciprocal of the time 
constant of the field, the field current 
wili have very little ripple. 

Another entirely different industrial 
application is the use of photo tran- 
sistors in place of photocells. А 
transistor has a photosensitivity only 
slightly less than that of a photomulti- 
plier tube and far greater than any 
other available device. They are ex- 
tremely sensitive to an incandescent 
lamp even when glowing only dull red. 
Such photo transistors are in many 
instances capable of operating quite 
rugged relays directly with no inter- 
mediate amplifiers and requires a 6-to- 
12 volt supply. The extreme reliability 
and small size of this device may open 
up many more applications of light 
actuated devices in the automatic ma- 
chine tool control field 


REFERENCE: 

Future Applications of Transistors to 
Control Machine Tools, by Dr. R. L. Bright, 
Westinghouse Electric Corp., Pittsburgh, 
Pa.; presented at the 18th Annual Machine 
Tool Electrification Forum, Buffalo, N. Y. 

A Survey of the Transistor by Bertram A 
Schwarz, Delco Radio Div., General Motors 
Corp., from the General Motors Engineer- 
ing Journal, January-February 1955 
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Fig. 7—A static field control circuit using transistors. Typical wave forms are shown at right for voltage and current. 
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From: Control Engineering 
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‘ig. 1—System used as an example for the purpose of showing effect of the frequency and phase characteristics of 
pickup on servo performance. System may be subjected to in-phase, quadrature, harmonic and miscellaneous pickups. 


Wiring Design 


to Avoid Pickup 


GERALD WEISS 
The W. L. Maxson Corporation 


INATTENTION TO WIRING DESIGN is a 
common source of troubles that often 
spoil the performance of expertly con- 
ceived control systems in the low fre- 
quency band between 60 and 1,000 
cycles per second. 

A wire is a piece of equipment with 
mechanical and electrical properties. 
It has resistance, capacitance, and self- 
inductance. Similarly, a group of wires 
exhibits mutual capacitance and mutual 
inductance. With proper design based 
on elementary electric circuit theory, 
most system difficulties can be antici- 
pated and prevented before an applica- 
tion malfunction occurs. 

The techniques discussed here per- 
tain specifically to a-c servos, com- 
puters, and similar electromechanical 
equipment. They also apply, however, 
to a wide variety of other measure- 
ment and control systems operating off 


l6 


of low frequency alternating current 
supplies. 

A computer may be carefully de- 
signed, built according to specifications, 
and then found to be operating im- 
properly. The static error of the servos 
is excessive, gain is low, and undesir- 
able oscillations are observed. Meas- 
urements may show large quadrature 
and harmonic voltages, excessive power 
supply ripple, and zero offsets in re- 
solvers, synchros, or potentiometers. 
When a recheck of the design shows no 
apparent errors, the trouble can usually 
be traced to pickup in the circuit 
wiring. 

Pickup is a term for stray or unin- 
tentional coupling between circuits. By 
coupling is meant a voltage produced 
in one circuit because of a voltage or 
current in another circuit. 

Some effects of pickup on system 
performance can be discussed by way 
of an example. Assume that the sys- 
tem shown in Fig. 1, a simple synchro 


position servo, is subjected to in-phase 
pickup, quadrature pickup and har- 
monic pickup. 

In this system, a two-phase induc- 
tion motor is used as the servomotor, 
a synchro control transformer as the 
response element, and a vacuum tube 
amplifier as the servo amplifier. 

The motor drives the control trans- 
former to a position where the torque 
on the motor produced by voltages 
Eyr and Eor is just equal to the fric- 
tion load of the motor. At the equilib- 
rium point, the voltage Eg constitutes 
the static error of the servo. In the 
absence of any pickup in the system, 
if the friction load is zero or if the 
amplifier gain is infinite, the static error 
Eg is zero. 

For this example, assume the ideal 
conditions of zero friction load and 
zero static error. To determine the 
effect of pickup, introduce a stray 
coupling voltage Ec into the input side 
of the amplifier. Four conditions of 


Product Design Handbook Issue 





frequency and phase can characterize 
this stray voltage. 


IN-PHASE PICKUP. For this condition, 
Ee has the same frequency as Es and 
is in phase with it. Thus Ec plus Es 
equals e. The servo motor drives the 
control transformer to an equilibrium 


position where e equals zero. At that 
time the static error equals minus Eg, 
it is no longer zero. 


QUADRATURE PICKUP. For this con- 
dition, the stray voltage Ec has the 
same frequency as Eg and is in time 
quadrature with it. Assume the servo 
motor drives the control transformer 
to the angle where Eg equals 0. At 
that time the remaining Ec» is caused 
entirely by the quadrature pickup Eg. 
There are two possibilities depending 
on whether or not Ey» is in exact time 
quadrature with Eg (assuming zero 
amplifier phase shift). 

If Eyer and Eg are in exact time 
quadrature, then Eg and Eur are in 
exact time phase. The servo motor 
cannot develop torque and the equilib- 
rium is undisturbed. If the quadrature 
voltage is large enough, however, it 
will saturate the amplifier and reduce 
amplifier gain. This increases static 
error (in the presence of friction) and 
impairs dynamic performance. 

In the more usual condition, Ey» 
and Eg are not in exact time quadra- 
ture, but are out of phase by an angle 
B. The motor develops a torque and 


drives the control transformer off null. 
At the equilibrium position, the static 


error Eg equals Ec tan B. 


HARMONIC PICKUP. If the frequency 
of Ec is a higher harmonic of the 
frequency of Es, then harmonic pickup 
can cause amplifier saturation in this 
type servo. It may also produce a 
harmonic torque in conjunction with 
harmonic components in the main 
motor field excitation voltage, resulting 
in a static error. This error is usually 


negligible. 


MISCELLANEOUS PICKUP. Occasion- 
ally pickup is encountered that is of a 
of a subharmonic frequency. This 
frequency not related to the carrier or 
pickup again tends to cause amplifier 
saturation. The most serious difficulties 
arise when the frequency of the pickup 
voltage is close to the carrier frequency. 
The servomotor will then develop 
a torque pulsating at the best fre- 
quency (the difference of the fre- 
quencies of Ey» and Er). 


Resistive Coupling and Grounding 

Resistive, or conductive, coupling 
occurs when several circuits are phys- 
ically connected and share a common 
resistance. For example, when two 
vacuum tubes are supplied from the 
same B-plus supply, the power supply 
is common to both plate circuits. This 
can result in the effect known as 
motorboating. There are various 


8- minus 


Fig. 2—(A) Schematic diagram does not necessarily show 
that resistive coupling may cause trouble.—(B) Point to 
point diagram indicates by removing lead bd and connecting 


c to d that pickup can be prevented. 
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methods of decoupling the B-plus 
supplies, and motorboating can easily 
be prevented. Since resistive coupling 
can be recognized on a schematic dia- 
gram, troubles caused by this circuit 
arrangement should be rare. In prac- 
tice, however, resistive coupling is 
frequently encountered as the result of 
improperly designed ground circuitry. 
Two circuits involving uninten- 
tional resistive coupling are shown in 
Figs. 2 and 3. The circuit diagram 
of Fig. 2 shows a 250 volt d-c power 
supply designed to operate off a 208 
volt, 3 phase, 400 cps source. The 
allowable a-c ripple was limited to 50 
mv, and filter components L1, C1, L2 
and C2 were designed accordingly. 
On assembly and test, excessive 
ripple in the 250 volt d-c supply 
caused trouble. When the power 
supply was isolated and the ripple 
voltage was measured, it was found 
to be 250 mv or five times the allow- 
able. To obtain more filtering, the 
capacitance C2 was increased. Instead 
of decreasing, the ripple increased. 
Examining the point-to-point wiring, 
it was found that the B-minus side (or 
ground side) was connected as shown 
in Fig. 2(A). The a-c return current 
of the rectifiers, flowing through the 
resistance of wire bc, was adding a-c 
ripple to the d-c output. By removing 
wire bd and connecting c to d, as shown 
in (B), the ripple voltage dropped 
from 250 mv to less than 30 mv. 
The diagram Fig. 2 is an example of 


Blower 


circuit 


(A) 


Chassis 


Fig. 3—(A) Power circuit and signal circuit in an instru- 
ment.—(B) Connections of circuits as assembled in the 
instrument.—(C) Proper method of grounding to avoid 


pickup. Chassis is a unipotential electrostatic shield. 
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ground resistance coupling between 
the input and output of the same cir- 
cuit. Another common situation is 
ground resistance coupling between 
two or more unrelated circuits, Fig. 
3(A) shows a power circuit and a 
signal circuit, both part of the same 
instrument. Their ground returns con- 
nect to the common chassis at dif. 
ferent points. By redrawing the cir- 
cuit, Fig. 3(B), it can be seen that 
the two circuits share a common re- 
sistance, namely the chassis. The 
blower current causes a voltage drop 
cd in the chassis that is coupled into 
the signal circuit, resulting in incor- 
rect operation. 

The proper method of grounding is 
shown in Fig. 3(C). Here each cir- 
cuit has its own return, with the low 
side of each circuit connected to the 
chassis at one poiat. No current flows 
in the chassis since the chassis serves 
merely as a unipotential electrostatic 
shield. Also no current flows in the 
ground wires; these wires are merely 
electrostatic ties. 

Electrical equipment is connected to 
earth to insure the safety of the oper- 
ating personnel and to reduce proxim- 
ity effects. Generally only one point 
of any given circuit can be exactly 
at earth potential; however, this point 
should be selected so that as much of 
the equipment as possible is close to 
earth potential. This can usually be 
accomplished, since most circuits are 
made up of cascaded T and т sec- 
tions. These types of four-terminal 
networks have no series elements on 
one side (the “low side”). Therefore, 
this whole “low side” of the circuit is 
at approximately the same potential. 
One point on this side is then con- 
nected to earth, or grounded. If this 
is done incorrectly, coupling can result. 


Correct Grounding Procedure 


To avoid ground resistance coupling 
inside of a single circuit (as in Fig. 2), 
care should be taken that no wires are 
unintentionally made common to both 
input and output. 

When a system contains several un- 
coupled electrical circuits, each cir- 
cuit must be complete in itself and no 
circuit should require any portion of 
the chassis for continuity. One and 
only one point of each such circuit 
should be connected to the chassis by a 
single wire; in addition, the chassis 
should be connected to the earth or to 
the frame of the building or vehicle 
in which it is located. 

When coupling is unavoidable, for 
example, when two or more circuits 
must be connected together at their 
ground sides, no ground current should 
flow through the chassis, and the 
chassis must not be required for cir- 
cuit continuity. In such application, 
the wire size of the common ground 
leads should be large enough to keep 
the resulting IR drop at a negligible 
value. Paralleling ground leads may 
help, but care must be taken to avoid 
“ground loops.” 

Where an instrument has more than 
one electrostatic tie to the chassis, 
all ties should be run to the same point 
on the chassis. This guards against 
circulating chassis currents and ensures 
a uniform chassis potential. The elec- 
trostatic ties should be easily removable 
to facilitate trouble-shooting. 


Inductive Coupling and 
Ground Loops 
When a closed electrical loop is 
placed in a magnetic field, a voltage is 
induced in this loop that is propor- 
tional to the normal component of the 
flux density and to the area of the 


loop. The flux y, the source of the 
pickup, is produced by current flowing 
in wires or by imperfectly shielded in- 
ductive devices, such as transformers 
and motors. The magnetic field pro- 
duced by a current J flowing in a closed 
loop is proportional to the current and 
to the area of the loop. 

Inductive pickup, therefore, depends 
on the current in the source of pickup 
and its loop area, the area of the cir- 
cuit in which pickup occurs, and the 
spacing of the two loops. The pickup 
voltage is independent of circuit im- 
pedance. Low impedance circuits are, 
therefore, just as sensitive to induc- 
tive pickup as high impedance circuits. 

Three steps can be taken to reduce 
inductive pickup to tolerable levels: 
shielding, wider spacing, and reducing 
loop areas to zero. 

Shielding against magnetic fields at 
the power frequencies requires the use 
of shields constructed of high perme- 
ability magnetic materials. Eddy-cur- 
rent screening is not effective in the 
power frequency range. Thus to 
shield a pair of wires from an ex- 
ternal magnetic field, one would have 
to run them inside a conduit made of 
Mumetal or similar material. Al- 
though this is impractical, this method 
is sometimes used to shield trans- 
formers and other inductive devices. 

The spacing between the sources 
of pickup and the sensitive circuits 
can be increased to only a limited 
extent. For example, filament and 
grid leads to the same tube must 
necessarily be fairly close together. 
Where possible, coupling can be re- 
duced by running such wires at right 
angles to each other. Similarly, trans- 
formers close to each other should be 
mounted so that their cores are at 
right angles to each other. 


Fig. 5—Ground loop resulting from interconnection of two circuits causes 
pickup at grids of both amplifiers. Voltage source feeds two amplifiers in 
parallel. Loop can be broken by removing one B minus lead. 


Fig. 4—Simple ground loop caused by 
connecting the circuit to two places on 
the chassis, at generator and at grid. 
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High voltage 
lige 


= Fig.6(o) 


Chassis 
Fig.6 (b) 


Fig. 6—(A) Mutual capacitance between two wires causes pickup voltage E. to be induced in the signal line.—(B) 
Method of preventing this pickup by wider spacing of the wires and by proper shielding with a thin metallic foil or braid. 


Loop areas can be reduced to zero or 
to near zero by running the two wires 
that make up the two sides of a circuit 
coaxially, closely parallel, or twisted. 
Coaxial wire is best, but twisted wire 
is cheaper and usually adequate. It is 
possible to estimate the amount of 
inductive pickup, however, since the 
remedy — twisting — costs practically 
nothing, the calculations are unneces- 
sary and are seldom carried out. 

It is important to twist the right 
leads. The criterion is that the loop 
area becomes zero or that the algebraic 
sum of the currents in the twisted set 
of leads equals zero. Most inductive 
pickup arises from a failure to observe 
this rule, or a failure to recognize a loop 
area. The most common form of mis- 
take is the ground loop, which results 
from too many ground connections. 

A simple ground loop is shown in 
Fig. 4. The circuit is connected to the 
chassis in two places, at the generator 
and at the grid. The loop area abcda 
is correctly reduced to zero by twisting. 
However, there still exists a loop abefa. 
Flux ¢ linking with this loop induces a 
voltage between the grid and the 
cathode. This pickup voltage depends 
on the flux variation and on the re- 
sistance division (or current division) 
between the ground wire and chassis. 
The ground loop can be broken by re- 
moving either of the chassis connec- 
tions, thus preventing pickup. 

Ground loops can arise from the in- 
terconnection of two or more circuits. 
In Fig. 5 a voltage source feeds two 
amplifiers in parallel. The B-minus 
wire of the power supply is connected 
to the low side of each signal line at 
points d and f. This forms a loop 
cdgfc, with consequent pickup at the 
grids of both amplifiers. The loop can 
be broken by removing one of the B- 
minus leads, lead fg for instance. 

The plate current of amplifier 2 
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must then return to the power supply 
via path fedg. This results in some 
resistance coupling; however, the effect 
of this resistance coupling is less seri- 
ous than the effect of the ground loop, 
since resistance coupling can be mini- 
mized by increasing the wire size of 
the common leads. 

To avoid ground loops, each circuit 
must be connected to the chassis with 
only one wire, with no additional inter- 
connection between circuit grounds. 
All ground ties should be run to the 
same point on the chassis whenever 
such design is feasible. 


Capacitive Coupling 


Pick-up can also result from the 
mutual capacitance of two wires, Fig. 
6(A). In this circuit a high voltage 
line with voltage E, and a signal line 
with equivalent shunt impedance Z, 
each have one side connected to the 
chassis in accordance with good 
grounding procedure. There will be a 
current flowing through the mutual 
capacitance C so that a coupling volt- 
age E. is induced in the signal line. 
The coupling impedance 1/2rfC 
(where f is the line frequency) is nor- 
mally much larger than the signal line 
impedance C. The approximate value 
of the pickup voltage is 


E. = j2rfECZ 


Thus the capacitive pickup depends 
on source voltage, frequency, mutual 
capacitance, and circuit impedance. 
This pickup is most important in high 
impedance circuits. When the cir- 
cuit impedance is resistive, the pickup 
voltage is in time quadrature with the 
source of the pickup. 

Voltage, frequency, and signal line 
impedance are known. Mutual capac- 
itance can be estimated. It is then 
possible to estimate the amount of 
pickup that is to be expected and to 
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decide in advance whether remedial 
action is required. 

To prevent capacitive pickup, the 
mutual capacitance must be reduced 
or made ineffective. Wider spacing 
can accomplish reduction, but equip- 
ment size is a limitation. The remain- 
ing mutual capacitance can be made 
ineffective by shielding the wires with 
a thin metallic foil or braid, shielding 
either the source of the pickup or the 
sensitive circuit. In Fig. 6(B) the 
signal line is shown shielded. Since 
the capacitive coupling between the 
two circuits is effectively broken, no 
Capacitive current flows and the pickup 
is zero. If the shield is not grounded, 
it is completely ineffective. 

The most serious drawback of shield- 
ing, aside from its cost, weight, and 
handling expense, is that it increases 
the wiring capacitance and may throw 
this capacitance in parallel with the 
load. Thus in Fig. 6(B), C2 is in 
parallel with Z. In high impedance 
signal circuits this can cause a signifi- 
cant change in voltage and phase. In 
addition, the shield capacitance can 
change with temperature and age. 
Because capacitance across power Cir- 
cuits is generally not so harmful, it may 
be preferable to shield the source of 
pickup. 

Occasionally shield capacitance is 
neutralized by special techniques; for 
example, by double shielding or by 
driving the shield from the signal 
source itself through a cathode follower 
amplifier. These techniques usually re- 
quire some additional equipment and 
are, therefore, not generally economical 
for most installations. 


REFERENCE: 


“Trouble Shooting in Advance by Proper 
Wiring Design” by Gerald Weiss. Control 
Engineering, September, 1954. 
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From: Electronics 


Electronic Design 


Checking List 


One-hundred points that engineers and others responsible for 


design, production and use of electronic equipment should con- 


sider while planning military gear. Many of the requirements are 


applicable also to products intended for civilian use. 


ENGINEERING DIVISION 


U. S. Navy Electronics Laboratory 
San Diego, California 


CIRCUITRY 


Use tubes from the Armed Services 
Preferred List of Electron Tubes. Do 
NOT use selected tubes under any cir- 
cumstances. 

Provide 10 per cent (at least 2) 
spare terminals on terminal strips and 
boards. 

Undesired radiation must be within 
the limits specified by MIL-I-16910. 

Provide protection from damage 
caused by overload and excessive heat- 
ing. 

Fuse or otherwise protect both sides 
of the line, and provide spare fuses in 
a convenient location. 

Conductors shall be bound into a 
cable and held by means of lacing 
twine or other acceptable means. Long 
conductors or cables should be secured 
to the chassis by cable clamps. 

Allow sufficient slack in the ends of 
flexible conductors to preclude break- 
age as a result of vibration. 

Keep use of relays to a minimum. 

Wires and cables run through holes 
in metal partitions must be protected 
from mechanical damage by grommets 
or other acceptable means. 

All soldering lugs, studs, and ter- 
minals must be provided with a means 
for mechanically securing the wire lead 
prior to soldering. 

Do not use acid or corrosive solder- 
ing fluxes or pastes. Resin is the only 
noncorrosive flux. 


hio 


Do ‘not depend on soft solder for 
mechanical strength. 

Do not join leads without a sup- 
port at their junction. 

Keep “parts peculiar” to an abso- 
lute minimum. 


CONTROLS 


Controls infrequently required shall 
be accessible when the equipment is 
open for maintenance purposes. Main- 
tenance controls shall be screwdriver 
adjusted. 

All controls should be clearly la- 
beled with standard nomenclature and 
marked, indexed, or metered such that 
the control position can readily be 
identified. 

Controls shall be arranged to facili- 
tate smooth and rapid manipulation. 

Adequate end stops shall be pro- 
vided on all controls with limited de- 
gree of motion. 

All control shafts and control shaft 
bushings shall be grounded. 

Provide control locks where speci- 
fied. 

Glass windows shall be secured to 
the panel by means of clips or other 
devices. Do NOT use cement alone. 

Provide dimmer control for all dial 
and indicating lights. 

Light leakage shall be prevented. 

Control knobs should be kept to a 
minimum and have standard shape and 
color. Control knobs should be secured 
by means of two setscrews. 

Controls and indicators that are 
only occasionally required should be 
mounted behind hinged doors. 





All moving parts shall operate 
smoothly and quietly without introduc- 
ing objectionable electrical noise. 

Backlash and torque-lash shall be 
kept to a minimum. 

Tuning instructions and calibration 
charts shall be mounted on the equip- 
ment when such instructions and charts 
are required. 

Pilot lights should be of the lock 
type and replaceable from the front. 
Do not series-connect pilot lights. 


SAFETY 


Provisions shall be made vo prevent 
personnel from coming into contact 
with voltages in excess of 50 volts 
while installing, operating, or inter- 
changing assemblies or plug-in parts. 

All external metal parts shall be at 
ground potential. Antenna and trans- 
mission line terminals shall be at 
ground potential except with regard to 
the energy to be radiated. 

Provide safety covers for potentials 
from 50 to 400 volts where interlocks 
are not provided. Interlocks and auto- 
matic discharging devices must be pro- 
vided where the potentials are greater 
than 400 volts. 

Provide personnel protection from 
moving machinery. 

Provide CRT with safety glass. 

Adequate safety factors and derating 
must be used in order to insure maxi- 
mum reliability of equipment in serv- 
ice. 

Use miniature parts and sub-assem- 
blies where possible, coordinated with 
cognizant Bureau of Ships codes. 

Doors or hinged covers should be 
rounded at the corners and provided 
with slip hinges and stops to hold 
them open. 

Plugs and connectors should not ex- 
pose “hot” leads. 


MAINTENANCE 


All circuits must be readily accessi- 
ble for servicing. 

Make provision to lock assemblies 
in the maintenance position. 

A servicing power outlet, separately 
fused, shall be provided on each major 
unit. 

Built-in test equipment (meters, 
etc.) should be used, to determine 
qualitatively whether the equipment is 
operating normally. Do not provide any 
portable test equipment. 
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Provide test points for checking es- 
sential wave forms and voltages where 
terminals are not otherwise accessible. 

Provide voltage dividers with test 
points for measurement of voltages in 
excess of 1,000 volts. 

Insure complete interchangeability 
of all removable units and mainte- 
nance parts. 

Provide means for by-passing inter- 
locks and have warning indicator. 

Special tools must be mounted in a 
convenient place in the equipment. 
Minimize need for special tools. 

Parts mounted on terminal strips 
and boards must be accessible for serv- 
icing. 

All terminal strips and boards shall 
be marked by a standard system. Pub- 
lication NavShips 250-916 may be 
used as a guide. 

Rear of plug connectors must be 
accessible for test and service. 

Range indicators should be of large 
counter types suitably placed with pro- 
vision for transmission to remote posi- 
tions (or as required by the equip- 
ment specification ). 

Provide running-time meters where 
required by the specifications. 


MARKING 


Conductors should be color coded in 
accordance with standard MIL-STD- 
122. 

Noninsulated leads should be color 
coded by means of color spots near all 
terminals. 

Part reference designations shall be 
located adjacent to each part. Type des- 
ignation of each tube and the reference 
designation shall be marked on the 
tube side of the chassis adjacent to the 
socket. 

Markings shall be permanent and 
legible. 

Transmission line terminals shall be 
marked with the characteristic im- 
pedance of the line. 

Positive identification of scales in 
use shall be provided. 

Clearly mark all “non-tamper” fac- 
tory adjustments. 

Indicate parts which MUST be re- 
placed at specified intervals. 

Transformers, chokes, capacitors, 
etc., shall have circuit diagrams with 
current, voltage, and impedance rat- 
ings stenciled on the outside ( MIL-T- 
27). 

Lubrication points shall be accessi- 
ble and clearly marked. 
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ASSEMBLY 


Electron tubes, ferrule-type resistors 
and fuses, and other plug-in items must 
be secured by easily released positive 
holding clamps. 

Mounting of parts shall be compati- 
ble with the size and weight of the 
parts so as to preclude lead breakage 


` from fatigue under conditions of vibra- 


tion. 

Leave adequate (%4 g inch) pigtail 
on leads and do not mount more than 
three wires on one terminal. 

Threaded devices shall conform with 
Specification MIL-S-933 or MIL-B-857 
and Handbook H 28. For bushings or 
collars for mounting variable resistors, 
toggle switches, etc., Specification 
16E7 applies. 

Screws, studs, nuts, etc., shall be of 
nonferrous material. Corrosion-resist- 
ant steel or nickel-copper alloy may 
be used where required for reasons of 
strength. 

Avoid threading aluminum alloy 
into aluminum alloy parts. 

Self-tapping screws should not ordi- 
narily be used. If used, approval must 
be obtained from the bureau or agency 
concerned. 

Devices for retaining panels and 
cover plates shall be of captive types 
with slotted or knurled and slotted 
heads. 

Use external tooth-type lock wash- 
ers. 

Provide rotating antenna assemblies 
with local power safety switch and 
means for hand training for mainte- 
nance. 

Removable side and back plates for 
terminal tube mounting shall be pro- 
vided. 

All set screws shall have one type 
of head. 

Do not use flat-head screws on thin 
panels. 

Center-of-gravity mounting should 
be employed where possible. 

Do not mount components on tube 
socket lugs except where required for 
performance reasons. 


MATERIALS 


Do not mount parts with rivets. 
Do not use wood, magnesium, in- 


flammable materials, fungus support- 


ing materials, toxic materials, hygro- 
scopic materials, dissimilar metals in 
contact, and electrical tape. 
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Use glareproof and shatterproof 
glass. 

Iron and steel shall not be used ex- 
cept where required for electromag- 
netic or strength reasons. 

Plate or otherwise treat metals to 
protect them from corrosion. 

Materials for embedding electronic 
parts in assemblies shall be in accord- 
ance with specification MIL-C-16923. 

Finish enamel shall conform with 
Specification MIL-E-15090 or TT-E- 
485, as indicated. 

Operating conditions (may be 
modified by equipment specification 
MIL-E-16400) : 

a. —62 to +75 C (nonoperating) 

b. —54 to +65 C (operating) 

c. 95 per cent relative humidity 

d. For certain equipment, wind 75 
knots operating and 100 knots non- 
operating 

e. Ice loading as specified by equip- 
ment spec. 

f. Shock and vibration ( MIL-S-901, 
40T9, MIL-T-17113, etc.) 

g. Line voltage and frequency (ex- 
cursions per equipment spec.) 

h. Salt spray (for external finishes 
and materials ) 

Avoid use of friction or pressure 
contacts where possible. 

Equipment shall be  dripproof, 
splashproof, or waterproof as required 
by the equipment specification. See 
Standard MIL-STD-108. 


LAYOUT 


Equipment shall be of the lightest 
weight consistent with  sturdiness, 
safety, and reliability. 

Provide suitably labeled lifting-eyes 
on equipment weighing more than 
150 pounds. 

Provide adequate ventilation facili- 
ties. Do not provide openings in top. 

Restrict use of liquid cooling. This 
requires approval of the bureau or the 
agency concerned. 

When forced-air cooling is used, 
provide suitable dust filters. Mounting 
and size to be coordinated with bureau 
or agency concerned. 

Electronic equipment should use as 
few lubricants as practicable. 

Use of cable plugs and connectors 
should be kept to absolute minimum. 
Avoid cable entrances on front panels. 

Provide space heaters where neces- 
sary. 

See Specification MIL-E-16400 for 
more detailed requirements. 
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Standard Symbols 


for Electronics 


Further simplification speeds drafting and cuts costs. Simple half- 


circles are now favored for coils. Basic switch loses arrowhead. 


Metallic rectifier symbol now serves for crystal diodes. Antenna 


goes back to triangle. Many new microwave, transistor and photo- 


cell symbols are presented. 


A-C SOURCE 


AMPLIFIER 


Single-Line 
Diagrams 


© 


Complete 
Diagrams 


(Triangle points in direction of trans- 


mission. 


Rectangle 


may be used in 


place of triangle.) 


H 


ANTENNA 


Genero! 


ATTENUATOR 


— 


Balanced 


BATTERY 


Dipole Loop 


T 


Unbalanced 


Sse 41] — 


One Cell 


Multicell 


Tapped Multice!! 


(Long line is positive) 


BELL 
CAPACITOR 


= 


Fixed 


1 


Differential 


HAD A 


Bell Buzzer 


ж. 


Variable Trimmer 


4 


Split-Stator 


Lo lod 
Feed- 
Ganged Shielded through 
(When electrode identification is neces- 
sary, curved element represents outside 
electrode of paper and ceramic units, 
оно of electrolytics and low-poten- 
electrode of feed-through capacitors.) 


CHASSIS 


(Chassis or frame is 
not necessarily at 
ground potential) 


=T T 


Tapped Adjustable or Variable 


— 
Saturable-Core Inductor or Reactor 


(Upper coil is d-c winding) 
CONNECTOR 


=x > > 


Female Male Engaged 
Contact Contact 


(Not an arrowhead; draw lines at 90°) 


I o» ox. 


Jack Jack Plug 


D 


Outlet or Connector Outlet or Connector 
with Female Contacts with Male Contacts 


COIL 


Mis 
Core 


CONTACT 
—* 


E =н 


MOST-USED SCHEMATIC SYMBOLS for 
electronic components are presented 
here for convenient reference. Mate- 
rial is abstracted from the new Amer- 
ican Standards Association publication 
Y32.2-1954, "Graphical Symbols for 
Electrical Diagrams" and (for tran- 
sistors) from MIL-STD-15A, "Mili- 
tary Standard Electrical and Electronic 
Symbols." 

Symbols may have any orientation, 
size, and line weight. The open-circle 
terminal symbol may be added to 
leads if desired. Arrowheads may be 
either filled or open unless otherwise 
noted. Electrically actuated devices are 
normally shown in the power-off posi- 
tion. One-line symbolism has been 
adopted for wave guide diagrams, as 
indicated for microwave symbols. 


CRYSTAL 
=j- 
Piezoelectric 
(For crystal diode, see RECTIFIER) 


COUNTER фл 


Electromagnetic 
- > 


DIRECTION 


— коз» 


OR OR 


One-Way Two-Way Mechanical 
Signal Flow Signal Flow Motion 


FUSE 


GROUND 


KEY 


Je. 


Telegraph 
LAMP 


—9 => 


Pilot Switchboard 


0-09-09. 


Ballast A-C Glow D-C Glow 


LOUDSPEAKER 


General 


Electro- 
dynamic 


Permanent- 


Magnet 
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A——Ammeter 
CRO-- Oscilloscope 
G- -Galvanometer 


Standord &ymbols for Electronics 
MA — - Milliammeter 
A or UA-——Microammeter 


—-— Voltmeter 


MICROPHONE 


MICROWAVE 
DIEL 


Path other than Air 


E 


Circular Waveguide 


— 


Rectangular Waveguide Ridged Waveguide 


— 


Resistor 


Guided Path, General 


Coaxial Cable 


Movable 
Short 


Waveguide Terminations 


Short 


Coax and 


oupling by Aperture, with 
Poth Ends Available 


L 


Coupling by Loop 


Coupling by Loop 
to Guided Path 


to Space 


| م 


Coupling by Probe 
to Space 


© 


E-Plane Aperture 
Directional Coupler 


x 3 


Probe Coupling 


LX у 


Equivalent Series Resistance е 
Element, General Reactance 


Px By 2 


Inductive L-C with L-C with 
Reactance Infinite Reactance Zero Reactance 
at Resonance at Resonance 


Coupling.by Probe 
to Guided Path 


AX 0o 


Loop Coupling 


Resistance Coupling 


(For conductance and susceptance dis- 
continuities in coax and waveguide, 
rotate symbols 90° clockwise inside 
triengles.) 


Hybrid, < 


T"e- 


Hybrid — - Rectangulor 


Guide & Coax Coupling €» 
Hybrid Lx 


© © © 


Circular Hybrid 
(Use single letter for principal trans- 
verse field in plane of ring; use HE for 
all other cases.) 


—2ҳ— 


Mode Suppression Mode Transducer 


Resonator for Coox & Waveguide 


MICROWAVE EXAMPLES 


i 


Transducer from Ae 
rectangular guide xy 
to coox, with d-c 
grounds connected 
a 
+ 
Circular 5-arm hybrid 
with principal coupling 
in E plane and 1-arm 
H coupling using rectan- 
gulor waveguide 


Transformer with 
d-c grounds and 


rectan- 
gular guides 


Tunable resonator with 
d-c ground, connected 
to electron device and 
adjustably coupled by 
E-plane aperture to 
rectangular guide 


Resonator with 
mode suppression, 
coupled by E- 
plane aperture to 
p path and 

y loop to coax 


XQ АШ 


Resonant magnetron Transit-time split- 

with coaxial output plate magnetron with 
stabilizing deflecting 
electrodes and 


internal circuit 


Tunable magnetron, 
aperture-coupled 
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| ELECTRICAL AND ELECTRONIC COMPONENTS 


Reflex klystron, 
integral cavity, 
aperture-coupled 


© 


ce 


Double-cavity klystron, 
integral cavity, perma- 
nent external ganged 
tuning, loop coupling 


Transmit-receive (TR) tube, gas-filled, 
tunable integral cavity, aperture-cou- 
pled, with starter 


MOTOR & GENERATOR 


e & 


Mot or Generator 


d igi ٩ 


Series Shunt Separately 
Excited 


d 


Unbalanced 


PAD 


Balanced 


No Connection Connection Connections 


vv 


Air or Space Path 


— — 
چ و‎ Я 
Shielded 2-Conductor | 


Single Cable, = 
hiel 
Conductor Unshielded 2-Cond. Cable 


with Grounded 
Shield 


Conductive Path 


Terminal 
PERMANENT MAGNET 
TN 
Ese 
General 
Single — — 
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PHOTOCELL 


— 


Asymmetrical Photoconductive 
Transducer 
(Resistive. Use solid arrowhead; A 
means element varies with light) 


Symmetrical Photoconductive 
Transducer; Selenium Cell 


© 


Photovoltaic Transducer; Barrier or 


Blocking-Layer Cell 

Metallic Rectifier; Crystal Diode; Elec- 
trolytic Rectifier; Asymmetrical Varistor 
(Use solid arrowhead Arrow shows di- 


rection of forward o easy current, not 
electron flow) 





PICKUP 





RECTIFIER 







Example: Full-wove 

bridge rectifier. 

Polarity of d-c out- + 
put voltage is os 

shown when a-c is 

applied between top 

and bottom leads of 

bridge 
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SWITCH 
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Вазіс DPDT Selector Selector 
SYNCHRO 
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Basic Synchro Control Differential 
Receiver, Trans- Synchro Re- 


mitter or Trans- ceiver or 
former Transmitter 


























THERMISTOR 
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Anode; Target Dynode, 
Collecting or Collecting 
Electrode; X-Ray and 
Fluorescent Anode Emitting 
General With Heoter Target 
TRANSFORMER $ | R 
К Composite Composite Composite Anode 
| | Anode Anode and lonically 
and and Heated Cathode 
| | Photocathode Cold with Supplemen- 
> E Cathode tary Heating 
General Magnetic Core Shielded 
) | 14 A 
» Envelope 
Shield between One Both 
Windings, Con- Winding Windings 
nected to Frame Adjustable Adjustable 
AT 3 Split Envelope Gas-Filled 
Envelope 
Adjustable Auto- 
Mutual transformer Tapped 
Inductor 
(There is now no special core symbol 
for powdered iron cores; symbol for ad- 
justable inductance serves instead to 
indicate a movable core) AN 
| 
TRANSISTOR Triode Twin-Triode 


e! с! e! ci 
bı b: 
N, NPN or NPNP 
Triode 


N or PNP 
Triode 


Vacuum Phototube 


hk 


Voltage Regulator 





(Arrowhead on emitter is solid and 
shows current flow, not electron flow, 


Arrowhead must not touch circle or bose 
line. Letters are not part of symbol; e = 


— — me dA жады es Multiplier Phototube  Cothode-Ray Tube, 
yet in ASA) : Electrostatic 
VARISTOR 
TUBES X 
PAN mn — Asymmetrical; $ "ма 
Directly Indirectly Photo- Metallic Rectifier ИРЭТ 
Heated Heated cathode . a i i 
(Arrowhead is solid and shows direction 
Cothode Cathode of Forward E. easy current, not electron 
flow 
—Q 
Cold or lonically VIBRATOR 
lonically Heated, 
Heated with | 1] 
Cathode Supplementary Pool 
Heating Cathode 
WERT mete cea tt 
и Deflecting, ignitor for 
Excitor, Reflecting or Pool Tubes; Shunt Drive боро на 
Contactor Repelling Starter for 
Type Electrode Gas Tubes (Showing of terminals is optional) 


Product Design Handbook Issue 


i STP 


pem AND ELECTRONIC COMPO--ENTS 


Wheatstone Bridge Charts 


for Transducer Circuits 


WAYNE A. RING 


Aircraft Controls Development, Barber-Colman Company 


THE DC WHEATSTONE BRIDGE is often used with transducers represent- 
ing variables to be controlled as one or more resistance legs. When 
the controlled variables are at the design values, the bridge is balanced. 
When they differ from these values, the bridge becomes unbalanced, 
actuating a relay or similar device to provide corrective action. 

From Thévenin's theorem, the following equation relating currents, 
voltages and resistances of a bridge, Fig. 1, can be derived: 


nra clin А Ут E(BD —AC) ue 
M(A+B) (C+D)+(AB) (C+D)+(CD) (A+B) 


The resistance of the bridge circuit, R, can be expressed as: 


(ABY'(C-- D) - (DCY (A -B) - M(A -B)'(C D) (2) 


R=- 
(A+D) (B+C)+M(A+B+C+D) 


Eq (1) is cumbersome and difficult to use when studying the effect 
of one variable on another. Thus, charts have been prepared from 


04 





-0.006 


-0.010 


IM. (K-) ' 
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E = Bridge supply 
voltage 
A,B,C,0,M 
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I = Bridge current 


( positive os 
shown ) 
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tne equation ror several commonly 
used circuits. Eq (2) is useful for de- 
termining the variation in E when the 
bridge is used in series with a “drop- 
ping’ resistor. 

In Fig. 2 a diagram of a simple 
bridge circuit is shown. This circuit has 
three legs the resistance of which are 
of the same magnitude A, and the 
fourth or variable leg has a resistance 
of magnitude KA. Then for this cir- 


cuit, Eq (1) reduces to 


E( KA? —A?) 


” 1+КА)+А(А+КА)+(КА?)@А) 


M(2A 


A/M)GK t1) 


and Eq (2) reduces to 


1°(A +KA)+KA*(2A)+M(2A)(A+KA) 


R - — 
4+KA)(2A)+M(3A+KA 


1(K +1) +2KA +2M(K +1) 


2(K +1)+(M/A)(K +43) 


1+2M +(2KA)/(K+1 


2+(M/A\(K +3)/(K +1) 
The chart of Fig. 2 is constructed on 


the basis of Eq (1A) in such a man- 
ner that knowing the value of K and 


116 


the ratio M/A, a line connecting these 
two values on the chart will yield a 
value of IM/E. Then since M and E are 
known, the value of I can be calculated. 

If negative values of 1/ME аге 
obtained, the current through the re- 
sistance M is opposite to that shown. 
If KA is put in the opposite leg shown, 
the graph remains unchanged. If KA 
is in an adjacent leg, the graph re- 
mains unchanged while the positive di- 
rection of current reverses. 

Fig. 2 has two 1M/E and K scales. 
The corresponding scales are marked 
on the graph. If values shown are not 
in the range that is desired, a new 
graph can be constructed as follows: 

l. Mark off the M/A and IM/E 
scales linearly to any convenient scale. 

2. Draw the K line through the 
point IM/E = O, M/A = —1, with 
a slope of minus one. 

3. Choose convenient values of K 


' LZ E - = — 
and calculate ( 3 Find this val 


ue on the IM/E scale and draw a line 
through it parallel to the M/A scale. 
Where this line crosses the K scale, 
record the value of K used to calculate 


(K+1) + 2AK. 
. м 

2КА + М(К+1) 

(K+1) + 2M 


NS ) 

2\K+1 
Another common bridge circuit is 
shown in Fig. 3. In this circuit, one 
pair of opposite legs have resistances of 
the Magnitude A, and the other pair of 
opposite legs have resistances of the 
magnitude KA. This chart solves the 
equations. 


IM . (K —1) 


E (K+1)+2AK/M 
It is similar to Fig. 2 and is con- 
structed in the same manner except 


that in step (5-1) used in- 


1 

1 
1{К-—1 
t і — { — ) 
stead O : (Ei 


The curves of Fig. 4 represent a 
bridge with two corners, designated by 
A(1 — P) and A(1 + P), contain- 
ing rheostats. 

These graphs solve the equation 


IM (K —P) 


E 2+(A/M)Q-K?-P) 


To construct the graph, the M/A and 
IM/E scales are drawn in the same 
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manner as for Figs. 2 and 3. To con- 
struct the K scale, choose convenient 
values of K and P and calculate 


andV = K —I 


2 [^w ME 


pa, €T Ata 
distance U on the M/A scale (this 
value is always negative) and a dis- 
tance V on the IM/E scale label the 
point with the value of K and P used 
to calculate U and V. 

Chart Fig. 4 has constant P curves 
and curves (dash lines) showing 
various K values. All the constant P 
and constant K curves are parabolas. 
It is possible to use the graph in slide 
rule fashion by using one P curve with 
various K's labeled and shifting it to 
the appropriate P position. Changing 
the sign of P or K reverses the current 
direction. 


EXAMPLE 1. 


Е =25 v 

M =100 ohms (relay coil resist- 
ance) 

Relay sensitivity = 0.0005 amps 

A=100 ohms 

К =1 at initial condition 

K =1.02 at second condition 


Will the relay be actuated before K 
reaches the second condition? 


Given: 
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A 2 .2 
2+ (2 K-P") 
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2A (2-K P?) «4M 


4M 


4-(К+Р)#+ 7 


draw a 
1.02, and 


SOLUTION: In Fig. 2, 
straight line between K = 


100 у 


This line crosses the 
IM 


ў = 0.0024. There- 


scale at 
.] (9.0024) (25) 


- = 0.0006 
100 


fore, 
amps which means the relay will op- 
erate before the second condition is 
reached because this bridge current is 
greater than 0.0005 amps, the coil 
pull-in current. 


EXAMPLE 2. 


If two transducers are used and the 
bridge configuration is such as that 
in Fig. 3, it might be desirable to 
know what value of K would be 
needed to actuate the same relay. In 
this case draw a straight line between 
points 

М, апа ІМ _ (0.0005) (100) 
E 25 
= +0.002. It crosses K at 1.008, or 
at 0.992. Current I is positive with 


K = 1.008 and negative when K = 
0.992 


1955 


50 ohms 


100 ohms 


120 ohms 


Fig. 5 


EXAMPLE 3. 
A =100 ohms 
Е =100 у 
M = 100 ohms (see Fig. 5) 
It is desired to know ] when К 0.2 
and P — 0.5. 
On Fig. 4, connecting point 


Given: 


М _ 100 1 with K 
A 100 


Р = 
IM 
E 


0.2 on the 
0.5 curve, the line crosses the 


line at approximately —0.08 


Since M and E both equal 100, ] = 
— 0.08 amp and is flowing in the oppo- 
site direction to that shown on the 
graph 
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From: Literature Survey 


Magnetic Amplifiers for 


Control Circuits 


Comparison of magnetic amplifiers, electronic amplifiers, rotating amplifiers. 


Basic amplifier circuits. Basic application systems. 


FUNCTIONALLY, the magnetic ampli- 
fier is a variable reactance placed be- 
tween the load and its power supply. 
By means of a small control signal, the 
reactance can be varied by as much 
as 100 to 1 with commercially avail- 
able materials; the voltage across the 
load is varied by an equivalent amount. 

This is accomplished because the 
voltage across any reactance is propor- 
tional to the rate-of-change of mag- 
netic flux in iron. If the iron saturates, 
the flux can no longer change and the 
reactor voltage collapses. The d-c con- 
trol winding presets the degree of sat- 
uration which in turn sets the point 
at which the core will reach saturation. 

Typical steady-state characteristics 
of a magnetic amplifier, a rotating 
amplifier, a d-c generator and an elec- 
tronic amplifier are shown in Fig. 1. 
The normal operating range of the 
magnetic amplifier is selected so that 
its output increases almost linearly 
with input. The drooping portion of 
the curve is used only when the ampli- 
fier is overexcited or forced for short 
periods of time to obtain fast response. 

Magnetic amplifiers may be com- 
pared with other regulating devices as 
to characteristics and features. From 
these factors, applications may be se- 
lected where magnetic amplifiers are 
economically practicable. 


Comparison of Regulating Devices 


Regulating devices that are com- 
parative in function are electronic am- 
plifiers, rotating amplifiers and mag- 
netic amplifiers. 

For reliability the magnetic ampli- 
fier is preferable to the electronic 
amplifier. The difference lies in the 
fact that the electronic amplifier has 


Mognetic amplifier 


Rototing amplifier 


Electronic amplifier 


ond d-c generator 


D-C output current 


Forword (+) 


D-C output current 


Forword (+) 


Reverse (—) 


D-C input | current 


Reverse (—) 


D-C output current 


Forword (+) 


Forword (+) 
Reverse (¬) 
D-C input 


Forward (+) 


current 


Reverse (-) 


Fig. 1—Magnetic amplifier, like the electronic amplifier, but unlike the rotating 
amplifier, is nonreversing. A reversed input signal increases its output in the for- 
ward direction. Reversing requires two amplifiers arranged in push-pull sequence. 


an unpredictable life because of the 
vacuum tube setup. 

From the maintenance standpoint 
the magnetic amplifier offers little or 
no problems. It is individually replace- 
able as a unit and completely static. 
The rotating amplifier has brushes, 
bearings, and commutator that may 
cause a malfunction. 

In speed of response the magnetic 
amplifier, in general, can only equal 
the rotating amplifier with difficulty. 
It can only approach the electronic 
amplifier in speed if it is designed for 
a high frequency power supply—1,000 
cycles per second or higher. 

The magnetic amplifier shares with 


the electronic amplifier the irreversible 
characteristics of the rectifier, whether 
metallic or vacuum tube. For most 
reversing applications the rotating am- 
plier is best, especially at high power. 

Magnetic amplifier shares with the 
rotating amplifier the distinction of 
having its various input signals com- 
pletely isolated. Because of this, the 
magnetic amplifier may be connected 
in series. 

A magnetic amplifier’s components 
may be sealed for protection against 
adverse environmental conditions. And 
it can be constructed to withstand 
shock and vibration better than the 
comparable two devices. 
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Control windings 


Lood windings 


D ~ 
7 7-Saturating 
„rectifiers 


Bridge 
rectifier 


Fig. 2—Doubler circuit common to industrial applications. Series connection 
of control windings between cores will cancel the fundamental and odd har- 
monics. High control-circuit impedance is not needed. 


Exciter bus 


r 
> 
| 
| & 
l 

Ф 
bios 


| Control winding 


| Self- energizing 
Load winding 


Generotor 


Fig. 3—Current regulator using magnetic amplifiers. Machine speed is set by a 
machine component such as wet-end helper drives on paper machines, and 


tension rolls preceding a windup stand. 


For applications where only a few 
watts’ output is required, the magnetic 
amplifier will be smaller than either 
the electronic or rotating units. In 
this instance, all its components may 
be sealed in a single can. 

Because magnetic amplifiers are es- 
sentially power amplifiers, they are 
particularly useful for low-voltage 
high-current applications. Still, they 
can be designed in the same physical 
size to accommodate any combination 


of voltage and current for a given 
power output. In contrast, electronic 
amplifiers are voltage amplifiers with 
essentially high-voltage, low-current 
outputs. For higher current outputs, 
larger amplifiers must be used because 
voltage amplification is inherent to 
these units. 

In the higher power ratings—10 kw 
and above—a magnetic amplifier be- 
comes large and heavy. It needs more 
room than an equivalent-rated rotating 
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amplifier. And for reversing output its 
size would be almost prohibitive. In 
addition, maintenance and the possi- 
bility of trouble increases in the higher 
power ratings. A 10 kw rotating am- 
plifier should require no more mainte- 
nance than a 1 kw unit. 

The input signal to a magnetic am- 
plifier is completely isolated from the 
output signal. This is useful when sev- 
eral input signals are used to control 
the output. The unit is most useful in 
the low power range—500 watts or 
less—where a rotating amplifier is 
large and bulky in comparison. An iso- 
lated input is difficult to obtain with 
the electronic amplifier. 

Magnetic amplifiers may be de- 
signed for greater long-term electrical 
stability than either of the othe: de- 
vices. Also, its components can be 
sealed against adverse environmental 
conditions and it is constructed to with- 
stand shock and vibration better. They 
are, therefore, the logical choice for 
metering applications or for amplify- 
ing the output of millivolt shunts and 
thermocouples. Their long-term stabil- 
ity suits them particularly to pure am- 
plifier applications where no feedback 
is used and where variations in char- 
acteristics would affect output directly. 


Basic Circuits 


Several circuits may be used to over- 
come the limitation of the simple half- 
wave circuit which the magnetic am- 
plifier generates. The one finding 
greatest usage is the doubler or two- 
stage circuit. The simplest is the sin- 
gle-stage circuit with or without a self- 
energizing winding. 

The doubler circuit, Fig. 2, consists 
of two separate cores with load wind- 
ings, control windings, a self-saturated 
rectifier for each core and a bridge- 
type rectifier to supply d-c to the load. 
One core conducts while the other is 
cut off for alternate half cycles of 
supply voltage. Thus, the bridge-type 
rectifier has a full-wave ouput. 

Single stage amplifiers should be 
used wherever possible. In applications 
requiring higher system gains than 
obtainable with the single-stage am- 
plifier, the two-stage unit may be used 
or a single-stage with a positive-feed- 
back system. 

The self-energizing or self-saturat- 
ing winding feeds back cumulative 
ampere-turns. Less ampere-turns are 
required in the control windings to 
obtain a given amplifier output. The 





Exciter bus 


л Control winding 


ı Bias winding | 


ro 


Fig. 4—Two-stage voltage regulator. Self-energizing windings are not used since 
the required system gain cannot be obtained unless a two-stage amplifier is used. 


Exciter bus 


Tension 
rheostat 


LET EN EN 
| Pattern winding 


| Control winding 


| Bios winding 


Fig. 5—Constant tension regulator. Control windings are arranged similar to 
those for the current regulator. However, the pattern-winding ampere-turns are 
differential while the current windings are cumulative. 


winding increases the steady-state sys- 
tem gain but has little effect on the 
dynamic gain (transient response). 


Basic Application Systems 


CURRENT REGULATORS: The simplest 
magnetic amplifier is one that regu- 
lates constant armature current in a 
d-c drive. This may be done by regu- 
lating the generator voltage or by 
controlling the excitation of a booster 
in series with the motor armature cir- 
cuit. 

In Fig. 5 the bias winding is ad- 
justed for minimum magnetic ampli- 
fier output with no other signals in 
the control windings. The pattern field 
winding is cumulative and is adjusted 
for the desired armature current. The 
control winding is excited proportion- 
ally to the armature current and is dif- 
ferential in its effect. The regulator 
operates to keep the difference be- 
tween the pattern and control ampere- 
turns to a minimum, and therefore 
maintains essentially constant arma- 
ture current for a given pattern field 
setting. 

Such a current regulator is applied 
to maintain constant torque on a d-c 
motor connected to a machine the 
speed of which is set by some other 
means such as tension rolls. 


VOLTAGE REGULATORS: These may be 
either single-stage or two-stage, de- 
pending upon the required power out- 
put and the necessary system accuracy. 
In general, when accuracy of one-half 
per cent of top voltage is required, and 
when power output is 200 w or more, 
two-stage magnetic amplifiers are used. 

A typical two-stage voltage regula- 


Fig. 6—Speed regulators using magnetic amplifiers.— (A) Counter-emf.—(B) Tachometer feedback. Single control 
winding compares the generator voltage to the reference voltage. Difference between the voltage supplies the control am- 


pere-turns necessary to provide the required magnetic amplifier output. 


Speed rheostat 
— ET 
! Pattern winding 

Bias winding 


Reference 


Exciter bus 


Pilot 
generator 
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tor is shown in Fig. 4. The regulator 
controls the generator voltage corr?- 
sponding to a production speed range, 
usually by means of a motor-operated 
rheostat. The reference voltage is ob- 
tained from a suitable constant-poten- 
tial source. 

Typical applications are sectional 
paper - machine - drive power-supply 
generators, bus voltages used as refer- 
ences in coordinated drive systems and 
similar uses. 


CONSTANT - TENSION REGULATORS: 
Windup—or unwind-stand reel drives, 
in which the driving motor is directly 
connected to the core, must maintain 
constant sheet tension over the range 
of roll diameters. The motor must 
operate at constant horsepower, since 
the sheet speed is constant, and horse- 
power is proportional to the product 
of the sheet tension and speed. 

A reei-drive systern for windup is 
shown in Fig. 5. The motor armature 
voltage is establishea proportional to 
machine speed. Constant sheet tension 
is maintained by regulating for con- 
stant armature current. Armature cur- 
rent is maintained by controlling the 
excitation to the motor shunt field as 
the roll diameter builds up. 


SPEED REGULATORS: Units are of two 
basic types: counter emf and tachom- 
eter feedback. The simplest is the 
counter emf type, Fig. 6(A), where 
the magnetic amplifier supplies excita- 
tion to the generator to control its 
terminal voltage which is proportional 
to the desired speed. 

The total cumulative ampere-turns 
are those supplied by the pattern wind- 


Fig. 7—Current-limit systems — (A) 


ing and the IR-drop compensating 
winding. The differential ampere-turns 
are supplied by the voltage-feedback 
winding. 

The most common speed regulator 
is the tachometer feedback type, Fig. 
6(B). The tachometer output voltage, 
which is proportional to the machine 
speed, is matched to a reference volt- 
age through the magnetic amplifier. 
The amplifier supplies controlled ex- 
citation to provide the correct speed. 
A typical circuit of this type has an 
accuracy of about + one-half per cent 
of top speed, no load to full load. 


CURRENT-LIMIT SYSTEMS: There are 
two basic current-limit systems using 
magnetic amplifiers. These are: cur- 
rent-limit over-ride and current-limit 
with field forcing. 

The simplest form is the over-riding 
type and is applied when manual or 
preset control of speed is used for 
acceleration and deceleration. The over- 
riding current-limit is used primarily 
to protect the rotating equipment and 
to give smooth operation during ac- 
celeration and deceleration. Fig. 7 (A) 
shows an over-riding system. 

The current-limit comes in only 
when the speed adjusting rheostat is 
moved rapidly, or when the load in- 
ertia is large and the motor cannot 
change speed fast enough for its 
counter emf to keep up with the gen- 
erator voltage change. This is also 
known as the bias-type current-limit, 
since the system is biased and the 
current-limit does not take place until 
the armature current exceeds the value 
set by the bias voltage. 


PA 
When a load must accelerate miig 
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decelerate at rates up to the maximum 
capability of the drive units, the regu- 
lating system must provide both cur- 
rent-limit and field forcing. Field forc- 
ing overcomes the time delay in the 
generator field and at the same time 
forces the armature current to the max- 
imum value. The current-limit moni- 
tors the amount of field forcing to 
protect the armatures and commutators 

With nonreversing drives, current- 
limit and field forcing may be obtained 
on acceleration and deceleration by 
using a single magnetic amplifier. For 
reversing drives, Fig. 7(B), that re- 
quire field forcing and current limit, 
two amplifiers are necessary—one for 
forward and one for reverse operation 

The amplifier may operate on in- 
dividual fields in the generator or in 
the shunt field of a small reversing 
exciter that supplies reversible excita- 
tion to the main generator. It is usu- 
ally more economical to use the revers- 
ing exciter system. The resulting small 
amplifiers usually offset the increase 
in cost that would be caused by the 
addition of the small reversing exciter. 


REFERENCES: 

Basic facts about Magnetic Amplifiers, 
H. A. Goldsmith, H. Herz, B. J. O'Neill, 
Magnetic Ampliers, Inc., Control Engineer- 
ing, December, 1954. 

Industrial Applications of Magnetic Am 
plifers, C. G. Helmick, Westinghouse Elec- 
tric Corp, 18 Annual Westinghouse Ma- 
chine Tool Electrification Forum. 

How Good is the Magnetic Amplifier, 
J. J. W. Brown, General Electric Corp., 
General Electric Review, July 1954. 

Industrial Magamp Systems, S. J. Camp- 
bell, Westinghouse Electric Corp., West 
inghouse Engineer, May 1955. 


An over-ride current limit system with bias. — (B) Field forcing current-limit 


system for a reversing drive. Points 1 and 2 are the forward and reversing cams on the master switch and by mechani- 
eal-electrical operation vary the current in the forcing windings. 
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winding winding Exciter bus 


Bias supply (d-c) 
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From: Electronics 


Thermistor Nomograph 


VICTOR W. BOLIS 
Collins Radio Company 


BASICALLY THE THERMISTOR is a 
resistor the resistance of which de- 
creases in a nonlinear manner with 
increasing operating temperature. 
Where 
R —resistance of thermistor at oper- 
ating temperature, ohms 
R,—tesistance of thermistor at refer- 
ence temperature, ohms 
T —operating temperature, deg. C 
T,—reference temperature, deg. C 
B —resistance-temperature constant 


x bur E 

273+T 273+T, 
thermistors obey the empirical formula 
R/R, =2.7183* (1) 
The accompanying nomogram is de- 
signed for a reference temperature T, 
equal to 25 C. This nomogram yields a 
rapid solution of Eq (1) for any one 
of the quantities R, B, or T in terms 
of the other two. The accuracy ob- 
tained with the nomogram is nearly 


equivalent to that obtained with a slide 
rule; also, the accuracy of the chart is 
within the measuring limits of instru- 
ments. 

A linear temperature scale appears 


on the right-hand side and a logarith- 


mic resistance ratio scale on the left- 
hand side of the nomogram. 

The straight lines that intersect at 
a common point near the center of the 


nomogram are a family of B curves; 


each of these straight lines represent a 


value of the resistance-temperature 
constant B, respectively. 

The curved line JK is used in pass- 
ing between the logarithmic resistance 


ratio scale and the linear temperature 
scale. 
To find R/R, for a given B and T, 


enter the T scale on the right-hand 
side of the nomogram and proceed hor- 
tzontally to the left until the curved 


line JK is intersected. From this point 
of intersection, proceed vertically (up 
or down, as required) until the correct 


B constant line is intersected. From 
this point of intersection, proceed hori- 
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zontally to the left and read the value 
of R/R. on the logarithmic resistance 
ratio scale. 


EXAMPLE: For a thermistor having a 
resistance-temperature constant B equal 
to 2,000, find the ratio of its resistance 
R at an operating temperature of 87 C 
to its resistance R, at a reference tem- 


perature of 25 C. 


SOLUTION: Enter right-hand side of 
chart at T equal to 87 and proceed 
horizontally to left to intersect curve 
JK, then vertically down to intersect 
line B equal to 2,000, then horizontally 


to left and read 0.32 on resistance ratio 


scale. 
This value of 0.32 is the ratio of the 
resistances of the thermistor at the 


specified operating and the known ref- 
erence temperatures. 


Straight lines can be drawn on the 


chart for values of the constant B 


other than those shown. Such lines 
must pass through the common inter- 
section of the family of B lines, and 
also intersect the vertical line LM at 


a point that is horizontally opposite 


the value 2.7183°/" on the logarith- 
mic R/R, scale. 


For example: 
For B — 2,000 


2,7183? -000/1 ,000 = 2,7183? = 7.39 


and the line for B equals 2,000 goes 
through the common intersection and 


intersects the line LM horizontally 
opposite 7.39 on the R/R, scale. 
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How to Design Speed Switching 
Circuits Using Nonlinear Elements 


BASIL T. BARBER 
Sperry Gyroscope Co. 


A TWO-SPEED data-transmission system 
is often used in positional servo- 
mechanisms to increase the system's 
over-all accuracy, prevent positional 
ambiguity, and expand its angular reso- 
lutions. These advantages are attained, 
however, only at the cost of additional 
components and the introduction of 
some means of synchronizing the two- 
speed error detector. The problem of 
switching from coarse to fine speed is 
basically one in which the switching 
point is determined by the relative 
amplitude difference of the coarse and 
fine synchro outputs. The switching 
operation can be accomplished with 
relays, biased vacuum diodes, rotary 
mechanical switches, and nonlinear 
elements. 


The last approach has several inhe- 


rent advantages: rapid switching ac- 
tion, high accuracy and sensitivity, 
small switching transients, and over-all 
simplicity. Two switching methods can 


be used: a continuous or a discontinu- 
ous set up. 


CONTINUOUS-——its selective proper- 
ties are based on the fact that the in- 
ternal resistance of some elements is a 


nonlinear function of applied voltage. 


A network of linear resistors and these 
elements are connected across the out- 
put of the fine and coarse synchros 
so that the effective total output is pre- 
dominantly caused by the fine synchro 


at small errors and by the coarse syn- 
chro at large errors. 


DISCONTINUOUS — the switching 
point from coarse to fine speed is made 
to coincide with the firing point of a 
neon lamp. The high impedance ratio 
between the nonconducting and con- 
ducting states of the neon lamp is used 
in a voltage-divider fashion to bypass 
one synchro output to ground, while 
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Fine speed 
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transmitter 


synchro contro/ 
transformer 
УЫ 


Servo amplifier 


Step-up 


fo mechanical lood 


WHY SWITCHING CIRCUITS ARE NECESSARY 


The portion of the schematic in black shows a conventional synchro 
transmitter-synchro control transformer positional transmission system. 
A change in transmitter shaft angle excites the system and causes stator 
currents to flow through the control transformer. A magnetic field is 
set up in the control unit, parallel to the transmitter field but 180 deg 
out of phase. The output is driven to a null by the amplifier-servomotor 
feedback loop. The static accuracy of this system is limited by the 
accuracy of the synchros. The voltage output of the control transformer 
may not be zero when the output and input shaft positions are in 
correspondence. 


To reduce the static error of the system, the portion of the schematic 


shown in color can be added. Two synchro transmitters are geared 
together on the input shaft and two control transformers are geared to- 
gether on the controlled shaft. This is known as a multi-speed syn- 
chro system. If the output of the original (coarse speed) control trans- 


former is fed to the amplifier when the positional error is large, and the 


output of the added (fine speed) control transformer when the error 
is small, then the system static error will be 1/# times the original error, 
where n is the step-up gear ratio. 

The speed selector must choose the correct input to the amplifier 
depending on the magnitude of the error. This article covers the design 


of one major type of speed-selector circuit. 


other is channeled to the servo’ dividers are 





connected back-to-back 


amplifier to control the servo motor. 


Continuous Method 


The speed switching circuit of Fig. 1 
is of the continuous type using crystal 
diodes. The crystals in each pair of 


1955 


and present a conducting path for both 
directions of the applied alternating 
voltage. At low error levels the crystals 
have a high resistance level and with 


the series resistors form a high bleeder 
for the fine output and a low bleeder 
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Coorse speed 
| 


| 


Fig. 1—Basic speed-switching circuit of the continuous type. 
Error level determines resistance of the bridges FS and CS. 


for the coarse speed output. The switch 
output will be essentially the fine syn- 
chro output. 

At high error levels the crystals have 
a low resistance value and the process 
reverses, giving an output dominated 
by the coarse output. The degree of 
amplitude discrimination inherent in 
this circuit depends on the variation 
of crystal internal resistance with ap- 
plied voltage. 

The average internal resistance of a 
pair of crystals is shown in Fig. 2. The 
load resistor Ra is chosen equal to 0.1 
of the internal resistance of the crystals 
at minimum synchro output. This 
assures an effective amplitude attenua- 
tion of at least 20 db between the fine 
and coarse synchro outputs near the 
zero region of the system. 

Most synchros null at about 20 
millivolts. From the figure, the crystals 
have an internal impedance of about 
20,000 ohms at this level. Therefore 
Ro is made 2,200 ohms. When the 


NOMENCLATURE 


fine synchro output before switch 

-fine synchro output after switch 

coarse synchro output before switch 

coarse synchro output after switch 

maximum synchro output 

angular displacement 

internal resistance of crystals 

gear ratio between fine and coarse 
speed 

total output of switch 

velocity constant 


internal resistance, ohms 


applied voltage is less than 1 v the 
internal resistance of the crystals is 
approximately 400/e. The parameters 
chosen are for a speed selector feeding 
a high impedance servo amplifier. For 
a low-input impedance amplifier or 
higher synchro outputs, heavier crystals 
or selenium rectifiers with higher cur- 
rent rating should be used. Usually 
excessive loading will have adverse 
effects on the amplitude discrimina- 
tion of the selector in addition to 
Causing a serious transmission loss. 

Assuming that for small angles sin 
6 equals 6, the output e, of the equiva- 
lent circuit shown in Fig. 3 can be 
approximated by 


ғ у , 
e, =€, te: 
€, 


-(s АӨ ) =) 
R+400/AeJ X A6 


+( 40/n )к 
(400n/A0) - R 


^ RA6--400  n(400n--RA?9 
Since R is about 2,000 ohms, and » 
varies from 10 to 50, the second term 

of Eq (1) is small. Therefore 


40046 


С. ô 4——— — = (zs e 2 
“ РАӨ--400 Re, +400 


‚ (2) 
This indicates that the output of the 
speed selector causes a nonlinear loss 
over the principal operating region of 
the servo. However, near the zero 
region, where the servo will be operat- 
ing most of the time, Eq (2) closely 
approximates the fine synchro output 
and the nonlinear loss should cause no 
adverse effect to the system. 

The dynamic range of a servo system 


Applied voltage, e volts 


Fig. 2—Average internal resistance of a crystal as a function 
of applied voltage. Voltage varies from 10 mv to 20 v. 


is shown in Fig. 4, with and without 
the speed switching circuit, as a func- 
tion of servo amplifier gain. Symme- 
trical saturation after a maximum out- 
put of 115 v is assumed. For gains 
higher than 3,000 the reduction in 
the system's dynamic range is negli- 
gible. At low gains the dynamic range 
is reduced by a ratio proportional to 
400/(RA@+ 400) 

and an additional gain, proportional to 
the inverse of the compression ratio, 
may have to be cascaded with the 
original amplifier in critical uses. 


Graphical Analysis 


Since Eq (2) is not valid for inputs 
higher than 1 v, a graphical method 
is used to investigate the response of 
the selector to a complete cycle of the 
coarse synchro output. With е; 
equal to 20\/2 sin 6, e2 equal to 20\/2 
sin 8/» and using the graph of Fig. 2, 
the outputs of e,' and ey’ of Fig. 3 
can be plotted as the input varies from 
10 mv to 20/2. This is done in Fig. 5. 
Fig. 6 shows the total output e, plot- 
ted against the fine input angle 0 and 
the outputs of the fine and coarse syn- 
chros before and after the switch. 

Since the output e, is the vector 
sum of e,' and e», it is possible for e, 
to become zero for some value of 6 
other than the original zero. This 
would result in a false null. From the 
curves of Fig. 7 the only point where 
€1' afid e5' are both maximum and of 
opposite polarity is when 6 equals 270 
deg, giving an output 

Co =6;' +e2' =6.2—2.2 = 4p 
After this point the output will keep 
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Fig. 3—Equivalent circuit to that shown in Fig. 1, showing 


specific values for circuit elements. 
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Fig. 4—Dynamic range of servo system, with and without 


speed selector, as a function of servo amplifier gain. 
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Fig. 5—Voltage distribution of e, and e» as a function of 
the applied voltage and a resistance of 2.200 ohms. 
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Fig. 7—Amplitude response of the speed selector for a complete cycle of the 
coarse synchro as a function of the coarse input angle. 


continually increasing to the maximum 
value of the coarse synchro output, 
even though the fine synchro output 
becomes zero and reverses polarity 
several times. 

Figure 7 shows the amplitude re- 
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sponse of the speed switch for a com- 
plete cycle of the coarse synchro. Its 
output is zero also at 0 equals 180 deg 
(coarse) and the system performance 
is similar to that of the zero degree 
point. However, the 180 deg region 
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e, Selector 
total output 


Fine input angie, deg 


Fig. 6—Plot of total output e, and the output of the fine 
and coarse synchros e; and e»; before and after the switch. 


is either a stable or unstable null de- 
pending on the value of n. If the rate 
of change of e, is negative in this 
region, the 180 deg point is an un- 
stable null. This applies when » is an 
odd number, and there will be no am- 
biguity. If » is an even number, the 
rate of change of e, is positive in the 
180 deg region. This results in two 
unstable nulls, symmetrically located 
about the 180 deg point, and at a 
distance equal to the switching angle. 
The 180 deg point is now a stable null 
resulting in a positional ambiguity. In 
practice, if m is an even number and 
cannot be physically modified, a “stick- 
off” voltage is inserted in cascade with 
the coarse synchro output, inverting 
the slope of the output in the 180 deg 
region and transforming the 180 deg 
point into an unstable null. This re- 
quires mechanical realignment of the 
coarse synchro 
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Movable and Fixed Core 


Motion Transducers 


Developed for connecting directly into standard recording oscillographs, 


these two pick-ups have proved to be versatile yet inexpensive design tools. 


Uses that are discussed include a tooth-by-tooth study of gear rotation and an 


analysis of the loads and stresses in a camshaft. 


ALBERT E. NEWTON 


United Shoe Machinery Corporation 


IN THE DYNAMIC TESTING of many 
types of machines, conventional dis- 
placement transducers such as the strain 
gage type are either unsatisfactory or 
unwarranted. Their range may be too 
limited, cost too high, accuracy more 
than required, or they simply may not 
be adaptable to the job. 

Many problems of this type have 
been solved with pickups that can be 
made quickly and inexpensively of 
readily available materials. There are 
two types of these units. The first is 
a variable reluctance-movable core 
pickup; the second is a variable reluc- 
tance-fixed core transducer. They were 
developed to meet the following re- 
quirements: (a) simplicity in con- 
struction and use; (b) versatility; (c) 
accuracy sufficient for the particular 
job; (d) low cost. 

Both types of gages may be slightly 
non-linear. However, in many appli- 
cations these non-linearities are not 
important since only the relative tim- 
ing points of the motions are needed. 
If, on the other hand, extreme accuracy 
is required, it is only necessary to care- 
fully calibrate the gages over the 
ranges that are to be used. Tests made 
on the movable core transducers have 
shown that the effect of core velocity 
is negligible within the range normally 
encountered in machinery. 

These transducers operate in con- 
junction with a conventional Wheat- 
stone Bridge circuit, powered by an 
alternating current source. As in a 
normal strain gage bridge circuit, the 
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active transducer is balanced by an 
identical dummy transducer. 

In the movable core pickup, the coil 
is normally mounted on the frame of 
the machine and the iron core is at- 
tached to the moving part. Any move- 
ment of the core relative to the coil 
alters the amount of iron in the coil 
and upsets the balance of the bridge. 
This gives a signal which can be fed 
through suitable amplifiers to an os- 
cilloscope or oscillograph where it can 
be recorded and studied. 

In the fixed core transducer, the 
point of the iron core is placed within 
W in. of the moving iron machine 
element, the action of which is being 
recorded. Any change in this gap un- 
balances the bridge. 


Movable Core Transducers 


The variety of pickups that can and 
have been used is so great that only a 
few generalized points will be given. 
The unit consists of a coil form made 
of some nonferrous material, usually 
a plastic. Normally, No. 30 Formex 
type copper wire is wound on the OD 
of the coil form as shown in Fig. 1. 
A small iron rod is attached to the 
moving part. The free end of this rod 
or core is placed in the coil in such a 
way that during the full stroke of the 
machine the core always moves well 
within the coil. If the end of the core 
approaches either end of the coil, the 
end effects will introduce large errors 
The diameter of the iron core should 
be as small as feasible and should be 


Fig. 1—Typical construction and basic operation of movable core transducer. 
As core moves with respect to coil, output voltage varies as shown at the right. 
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Fig. 2—Movable core pickup used to study small angular displacements of a mechanism. Motion produces signal. 


Fig. 3—Schematiec of a typical fixed core transducer being used as a precision tachometer to make a detailed analysis 


of gear tooth motion. Tip of the iron core may be shaped in various ways to fit the application. 


a loose running fit in the coil hole 
Some applications have required as 
small as '» in. dia iron cores. At the 
other extreme, one inch moving shafts 
and large push rods of the machine 
itself have been used as the cores 

The following point also should be 
stressed: care should be taken to elim- 
inate residual magnetism in the iron 
core. Usually a core that is made of a 
low carbon machine steel will not re- 
tain sufficient magnetism to cause dif- 
ficulty. However, in some applications 
where high velocities are encountered 
even small amount of residual mag- 
netism may introduce errors. In those 
cases a brass rod or a stainless steel rod 
will eliminate the magnetic effects. 
The signal from a gage using either of 
these rods will be much lower than for 
iron rods. By using higher amplifica- 
tions, a satisfactory record can easily 
be obtained. 

As previously stated, the movable 
core transducers are primarily linear 
motion indicators. Some will indicate 
motions of 4, in. and less. Others 
have motions up to 20 
inches. By curving the coil and core 
to the proper radius, small angular 
motions can be recorded. However, 
Fig. 2 shows a more versatile method 


for recording angular displacements. 


measured 


Fixed Core Pickup 

This device consists of an insulating 
coil form surrounding and attached to 
a soft iron core, Fig. 3. Several layers 
of insulated fine wire are wound on 
the coil. The tip of the iron core may 
be shaped in various ways to fit the 
application. Some of the small pickups 
have used !'45 in. 
core. For most applications, a М in. 
low carbon machine steel red is used. 

The principal use of the fixed core 
transducer has been as a precise tach- 
ometer. Not only will it give the usual 
speed measurements, but it will also 
record any changes in speed during a 
fractional part of a revolution. A num- 
ber of machines have had troubles that 
could be traced to nonuniform rotation 
during a single cycle. 

If the direction, as well as the speed 


wire as the fixed 


of rotation is desired, it is only neces- 
sary to alter the part profile so that it 
is unsymmetrical. The oscillograph 
record will also be unsymmetrical and 
clearly indicate the rotational 
direction. 

These pickups have been used to 
record motions as small as a few thou- 
sandths of an inch with high sensi- 
tivity. However, as motion indicators 
they are somewhat limited since their 
normal usable range is only approxi- 


will 
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mately Yg inch. Beyond this range they 
become quite nonlinear and large et 
rors are introduced 
Typical Application 
In the service history of several 
hundred Welt Butting and Tacking 
machines, severe breakdowns had been 
experienced. A test was made to de 
termine the cause of these breakdowns 
as well as possible corrective measures 


The first step in these tests was to 
obtain simultaneous records of (1) the 
working loads on the critical main 
cam, (2) motions of the pounding 
and tacking heads, (5) motions of the 
tack drivers, and (4) the rotation of 
the main camshaft. 


The working loads were obtained 
by cementing an SR-4 strain gage to 
the cam lever and statically calibrating 
it in terms of cam roll load. The mo 
tions of the pounding heads and the 
tack drivers were obtained by means of 
two sizes of variable reluctance-mov- 
able core transducers. Finally the rota- 
tion of the main camshaft 
tained by installing a fixed 
variable reluctance gage adjacent to a 
68-tooth steel gear that was a part of 
the driving mechanism. This gear was 
mounted on the main camshaft. 

All of these signals were fed into 
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Fig. 4—(A) Oscillogram of Welt Butting and Tacking Machine with single key clutch. (B) Same machine with double 
key clutch. (C) Machine with double key clutch and new timing. (D) Sketches of single and double key clutches. 


a recording oscillograph. A typical 
cycle is shown in Fig. 4 (A). Three 
important things were immediately 
noted in this record: (1) The peak 
cam load was approximately 1260 lb; 
(2) this peak occurred at the instant 
the tack drivers were picked up during 
the rapid return of the pounding 
heads; (3) one of the camshaft high- 
speed points occurred at the instant 
of the peak cam load. 

Upon studying the records, it be- 
came clear that part of the peak cam 
load was caused by this speed up and 
the associated inertia effects. Further 
rests indicated that the trouble was in 
the action of the single key clutch that 
drove the main camshaft, Fig. 4 (D). 
As the key rolled in, the driving ring 
hit it. The camshaft raced ahead and 
the key ieft the driving ring face. A 
moment later the camshaft slowed 
down and the driving ring caught up 
with the key and gave the camshaft 
another kick. As shown in Fig. 4 (A), 
this repeated five times during the 
cycle. 

To minimize this affect, a double 
key clutch was designed, Fig. 4(D). 
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Once the main key rolled into place 
a secondary key also rolled into en- 
gagement and prevented any racing 
ahead of one part with respect to the 
other. With this experimental clutch 
installed in the machine, the oscillo- 
graph records showed that the load 
was reduced almost by one half, Fig. 
4 (B). The erratic rotation was com- 
pletely eliminated. 

However, the problem wasn't com- 
pletely solved by this new clutch, since 
the 660 Ib peak load was still too high 
for the cam. Theoretically, the peak 
safe load for the cam was approxi- 
mately 500-550 pounds. Reference to 
the original oscillogram, showed that 
the picking up of the tack drivers also 
occurred at the peak load instant. 
Therefore, it was felt that it should be 
possible to further reduce the load by 
retiming this picking up point so that 
it came a few degrees ahead of its nor- 
mal point. This would fill in the "val- 
ley" which was just ahead of the peak 
load and thereby improve the load 
pattern. 

This retiming was done and the os- 
cillogram, Fig. 4 (C) showed that the 


peak load was reduced to approxi- 
mately 450 Ib. Since this was well be- 
low the critical load, no further dif- 
ficulty was experienced. 


Supplementary Data 


For information ón other transducers 
that are available for product design 
studies, see "Transducers for Measuring 
Displacement Velocity, or Accelera- 
tion" by R. M. Conklin and H. M. 
Morgan, Product Engineering, Decem- 
ber 1954, p 158. 

In this article, the authors discuss the 
characteristics of magnetic, resistive, 
capacitive, piezoelectric, photoelectric, 
and radioactive types of transducers. 

Also, to enable an engineer in choos- 
ing a suitable type of transducer, the 
authors evaluate six factors. These are: 
Maximum expected value of displace- 
ment, velocity, or acceleration; fre- 
quency of the displacement, velocity, or 
acceleration; the required accuracy of 
measurement; the effect of transducer 
loading on the system being measured; 
the accessibility of the motion to be 
measured; and the desired form of 
results. 
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Photoelectric Relays 


G. F. BALL 


OPERATION OF PHOTOELECTRIC RE- 
LAYS depends upon a change in the in- 
tensity of light falling upon a light 
sensitive cell. This change causes a 
corresponding change in the value of 
the current produced by the cell. This 
current is too weak to operate all but 


Open 
contacts 
indicator 


lamp 


Cell 
illumingfed $4 ! 


Relay not 
energized 


(A) 


indicator lamp 


che most supersensitive type of relay, 
which would be easily damaged in com- 
mercial or industrial work, so that the 
use of an amplifier is necessary. These 
are usually electron tubes that deliver 
enough current to operate a telephone 
type relay. The contacts of this relay 
can be arranged to operate a small con- 
tactor which in turn controls apparatus. 


Indicator 
/amp 


1 


Cell 


i Relay not 
illuminated — 


energized 


Fig. 1—Typical photoelectric relay circuits—(A) Cell energizes relay when 
light is extinguished.—(B) Cell connected for light detection.—(C) When relay 
is energized the light cell is cut out.—(D) Indicator lamp glows when light 
falls on the cell. Current is proportional to energy of light falling on cell. 
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and Circuits 


Of the several types of light sensitive 
cells, only two are of interest in con- 
nection with relays. These are the 
selenium resistance bridge and the 
cesium alkali metal photo-cells. 

The selenium bridge consists of a 
rectangular insulating plate, on which 
is wound a pair of wires separated 
from each other by a narrow space. 
These wires form an extended pair of 
electrodes. The intervening space be- 
tween the wires is coated with selenium 
in the crystalline state under careful 
heat-treatment. This unit is then en- 
closed in an evacuated glass bulb fitted 
with a cap through which connection 
can be made to an external circuit. 

The light sensitive properties of 
selenium are such that the resistance 
between the electrodes changes when 
the cell is connected to an electrical 
circuit and exposed to light. A unit 
may change in resistance from 10 to 
V2 megohm when exposed to strong 
light. Light-sensitive cells of this type 
are easily adapted for use with ampli- 
fier tubes. Their resistance is less than 
that of the cesium alkali metal cells, 
consequently, less trouble is experi- 
enced from insulation leakage. The re- 
sponse of the selenium resistance 
bridge decreases considerably when the 
incident light is rapidly interrupted; 
under such conditions its inherent time 
lag is appreciable. 

In its simplest form, the cesium al- 
kali metal cell consists of two elec- 
trodes: the cathode, usually a thin film 
of cesium on a silver plate; and the 
anode which serves to collect the emis- 
sion from the cathode. Both are housed 
in the same bulb from which air has 
been evacuated. The cathode and the 
anode are connected respectively to the 
negative and positive sides of the cir- 
cuit in which the cell is used. Electrons 
pass from the cathode to the anode 
when light falls on the cell. 

In the vacuum type of cell, the num- 
ber of electrons and therefore the cur- 
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rent is proportional to the light energy. 
One disadvantage of the vacuum cell 
is its reiatively low current, usually 
about one or two micro amperes. The 
current, however, can be increased by 
filling the cell with a suitable inert gas 
and by supplying a higher potential to 
the electrodes. This process of increas- 
ing the current by gas ionization is 
limited by the voltage that will cause 
an arc to pass in the cell. While the 
increased sensitivity of the gas filled 
cell is useful for the detection of illu- 
mination, the presence of the gas alters 
its characteristics materially and ren- 
ders the cell unsuitable for repetition 
measurements or applications involv- 
ing rapid interruption of light. 
Another method has been developed 
for increasing the current in the cell 
without gas filling. In this develop- 
ment, the electrons from the cathode 
are made to impinge on a second 
cathode and the primary electrons by 
their impacts dislodge other electrons 
from the second surface, each primary 
giving rise to several secondaries. The 
secondary stream is collected by the 
anode and a multiplication of the pri- 
mary thus obtained. Sec- 


ondary emission cells of this type may 
have sensitivities of up to 200 or 300 


current 1s 


micro-amperes per lumen. 
This process of increasing the cur- 
rent by impact can be carried still fur- 


ther by having additional electron 


emitting surfaces and directing the sec- 


ondary stream to a third cathode and 
multiplication taking place at 


so on 


each surface. A device of this type is 


known as an electron amplifier. Its de- 


big. 2—Trigger circuit using a selenium bridge photo-cell 
end operating from a direct current supply. Cathode poten- 


tial of tube is adjusted by the sliding contact to control 
the amount of current passing through anode circuit of tube. 
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velopment has to a large extent Over- 
come the low sensitivity of the vacuum 
photo-cell. 

The relays used in amplifiers in 
connection with photoelectric cells are 
a modification of the telephone type 
relay, which is provided with two pairs 
of contacts. One pair opens while the 
other closes when the relay coil is 
energized. The relay should operate 
positively on a current of 5 to 10 milli- 
amperes in the anode circuit of a low 
frequency amplifier tube. The relay 
operates more rapidly and certainly 
when its current supply is broken, 
therefore, the circuit should be such 
that the required change in illumina- 
tion in the photo-cell causes the grid 
of the tube to become more negative, 
so that the anode current will flow. In 
Fig. 1 are shown four typical circuits. 

Trigger Circuits 

A single stage amplifier is essential 
in a trigger circuit. This circuit closes 
or opens a relay for the control of 
some external circuit when the light 
is cut off or restored to the photo-ceil. 
It is usual to incorporate a telephone- 
type relay in the tube anode circuit and 
make this in turn operate a contactor 
if a load of any appreciable magnitude 
is to be switched. 

In Fig. 2 
circuit in which the selenium bridge 
$ is connected with a resistance R of 
comparable magnitude. The cathode 
potential of the tube is adjusted by the 
sliding contact so that when the bridge 


is shown a simple trigger 


is dark no current passes through the 
anode circuit of the tube. When the 


Phofto-c el/ 


bridge 5 is illuminated, its resistance 
decreases and the grid becomes less 
negative with respect to the cathode so 
that the relay A is excited and its con- 
tacts close. 

A trigger circuit that employs a 
cesium type photo-cell is shown in Fig, 
3. It is operated directly from a-c sup- 
ply, though it only uses one half of the 
wave, that is, when the anode of the 
tube is positive with respect to its ca- 
thode. Under these conditions, a nega- 
tive voltage is impressed on the cathode 
of the photo-cell. 

When the cell is illuminated, the 
electron emission maintains the grid 
at a negative potential with respect to 
the cathode and restrains the anode 
current. When the light is cut off, the 
negative charge on the grid escapes 
through the grid leak, the grid in- 
creases to zero potential and the anode 
current excites the relay and closes its 
contacts. A condenser across the relay 
coil smooths out the fluctuations in 
the current resulting from the a-c sup- 
ply, retains the relay during the reverse 
half-cycle, and makes the operation 
positive in action. 

As the photo-cell is itself a rectifier, 
some simple arrangements are possible. 
In Fig. 4 is shown a circuit for opera- 
tion from either a-c or d-c supply 


Counting 


Often it is not practical to operate 


a counter with contacts of any sort, 


as where parts or pieces are light in 
weight or of all shapes and sizes. Such 
problems are casily dealt with by pho- 
toelectric The i 


methods cbjects in 


„Indirectly 
‘ heated mains 
va/ve 


A.C. Mains 


Fig. 3—Trigger circuit that employs a cesium type photo- 
cell, This circuit operates on alternating current; it uses 


one half of the current wave when the anode of the tube 
is positive with respect to the potential of its cathode. 
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question can be passed through a beam 
of light which is normally incident on 
the light sensitive surface of a photo- 
cell, and which is in turn connected 
to an amplifier. 

The limit of the rate of counting 
is obviously set by the sum total of 
the time elements of the relay, counter, 
and grid circuit of the amplifier. Also, 
they may have to be considered addi- 
tive. But the optical arrangement also 
plays its part in setting the operating 
limit. Although the optical system re- 
quired for projecting the beam of 
light on the photo-cell is normally the 
simplest possible arrangement, it must 
not be considered trivial since small 
adjustments may mean the difference 
between success and failure. 

The sum total of the time elements 
applies both to the operating and to 
the resetting portion of the cycle. The 
highest rate of counting is attainable 
when the ratio of these time periods 
is the same as the ratio of the period 
of cut-off to the period of illumination 
of the light cell. This assumes that the 
counted objects are all of the same 
size and at a regular spacing, which 
may seldom be true. Usually the pull- 
in time is greater than. the release time 
for the counter circuit, hence the light 
beam should be formed by a suitable 
slit, so that its major dimension is at 
right angles to the direction of travel 
of the counted objects. 

Photoelectric methods also permit 
selective counting for size if required 
in more than one dimension. The 
simplest is selection according to 
height, where those articles exceeding 
a certain height are selectively counted 


by fixing a beam in a certain position 
as required. Selection in a second 
dimension can be similarly secured by 
a second set of equipment. If the two 
relay circuits are in series, counts will 
be made only when both dimensions 
are exceeded. A second counter may 
be used to give a total count, whence 
undersized articles are estimated by the 
difference. 

Counting at high speed usually in- 
fers that the objects in question follow 
one another very rapidly, but there are 
some situations in which passage past 
the detecting point may be very fast, 
though the objects may follow one 
another at comparatively wide space 
intervals. 

[n both situations, the grid con- 
trolled vapor tube, or gas filled triode, 
has advantages not possessed by the 
hard tube in the more simple trigger 
circuit. 

A high speed counting circuit is 
shown in Fig. 5. To obtain a delay 
and a positive action, two relays with 
a copper heel slug are employed. The 
relay X, which is normally in the 
circuit, maintains the anode circuit of 
the gas-filled relay through contact X1, 
and its own circuit is completed 
through contact C2 of relay C. Hence 
an impulse on the photo-cell releases 
the anode discharge through relay C, 
contact C2 is opened, interrupting the 
circuit of relay X, which in turn opens 
contact Xl. At the same time the 
counter contact CI is closed. 

Relay X being of the slow release 
type, opens X1 after a slight delay, 
insuring that the counter contact is 


pulled home. After X! has opened, 


7, ] 
counter Ci 9 


A.C.7 2.С. Mains 


Fig. 4—Simple circuit that can be operated on either a 


direet current supply or on an alternating current supply. 
Since the photo-cell in itself is a rectifier, operation on 
either type of current is possible in this arrangement. 
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the slow release of C also tends to 
maintain the delay. Hence, although 
these delay periods are only of the 
order of a fraction of a second, they 
co-operate to secure positive operation 
of the counter. 

Circuits of this type, of course, are 
unnecessarily complicated for 
counting, because if the time of cut-oft 
of the light is greater than the period 
taken to reset the counter, it will re- 
peat and give a multiple count. Gen- 
erally, if articles produced in great 
numbers are individually of small 
value, the expense of an accurate high 
speed counter is not justified. However, 
if the articles are expensive the counter 
will pay for itself. 

In sorting articles by their color, the 
photo-cell measures the quantity of 
light reflected. Since the light reflected 
varies with the color, any limit of varia- 
tion can be selected to actuate a sole- 
noid operated diverting mechanism in 
the conveyor. 

In automatic door opener applica- 
tions, when the beam between the light 
source and the light cell is broken, the 
light cell operates a relay, which in turn 
operates a motor or solenoid. The door 
opens and is held in position by insert- 
ing a condenser in the normal circuit. 
A potentiometer with the condenser 
can be adjusted to give a delay before 
the door automatically closes. Infra-red 
filters can be fitted to the light source 
to make the light beam invisible. 


slow 


REFERENCE: 


"Photo-Electric Relays" by G. F. Ball. 
Mechanical World (London), March, 1953 


Retifier 
output 


resisfor 


Fig. 5—Typical high speed counting circuit. To obtain a 
delay period and a positive operation of the counter, two 


relays each having a copper heel slug are employed in this 
counting circuit to insure a slow release of the counter. 
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Removing Heat 


From Electronic Devices 


The operating temperature of electronic equipment is influenced by both 
circuit and mechanical design considerations. Here are some design tips that 
will increase the transfer of heat from electronic devices by natural means. 


GEORGE S. SMOLENSK Y 


Designers for Industry, Inc.. 
Cleveland. Ohio 


ГНЕ RELIABILITY of clecuunic equip- 


ment can be improved by increasing 
the rate of heat transfer from the vari- 
ous Circuit elements. This is primarily 
a mechanical design problem if it is 
assumed that the initial circuit design 
was based on the use of components 
that produce the smallest heat output 
in line with proper performance. An 
assembly should be designed so that 
the developed heat is transferred along 
a thermal bus to the ultimate thermal 
sink. 

Eighty-five to ninety percent of the 
total heat is usually developed in the 
cathode of the vacuum tubes. These 
tubes dissipate heat through the pins 
via conduction, and through the glass 
envelope via radiation. Convection 
currents are usually relied upon as the 
thermal bus to carry the radiated heat 
to the thermal sink. Since these cur- 
rents are generally of a low velocity 
nature, poor convection efficiencies re- 
sult unless metering holes and/or baf- 
fle systems are provided. However, a 
substantial portion of the tube heat 
can be transferred away by thermal 
conduction if the tube mounting device 
is designed properly. 

In Fig. 1 are shown three typical 
constructions of tube mountings that 
can also be used as electrostatic shields 
and heat-transfer paths for submini- 
ature tubes. These tube mountings are 
of aluminum. 

The first two mounts, (A) and (B), 
аге recommended where vibration 
forces are small and where insertion 
from an end is possible. The third is 


recommended for severe duty and 
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snap-action side insertion. The first 
mount offers a heat-transfer advantage 
of 5 to 10 C over the other two. Weld- 


ing or soldering the mounting device 
to the back plate, rather than fastening 
it by riveting, further lowers the tube 
temperature. 

The tube terminal leads should be 
heavy with the connection located as 
close to the tube as practical to give 
maximum thermal conduction through 
the tube leads and to reduce the pos- 
sibilities of electrolysis. Where weight 
restrictions permit, the tube shield 
thickness should be 14 g in. This results 
in a 10 percent decrease in tube-to- 
sink temperature difference. However, 
further increasing tube shield thickness 
yields diminishing returns in improv- 
ing the performance. 

Most conventional tube shields are 
poor thermal conductors. Regardless of 
whether good thermal conduction to 
the chassis can be established, the thin 
wall of the shield causes large tem- 
perature gradients along the shield. 
Modifications of existing conventional 
shields to improve heat transfer are not 
satisfactory. However, Fig. 2 shows a 
miniature tube shield that incorporates 
good thermal design. 

The following shows the tube en- 
velope temperature as a function of 
shield wall thickness. 


Wall Thickness 


149 іп. 
34 6 in. 


/ 


Tube Temperature 


241 C 
211 C 


The air gap must not exceed the 4% 
in. space, Fig. 2, and preferably should 
be as small as practical since the effect 
of increased gaseous conduction thus 
obtained is greater at all altitudes than 
that produced by slotting the shield for 


improved convection. Fig. 3 shows a 
typical slotted shield. 

The type of shield shown in Fig. 3 
is recommended for use with compo- 


nents of irregular shapes, such as open- 
type transformers and relays. For such 
components, the slots promote con- 
vective heat transfer and are particu- 
larly effective with the larger air gaps 
present between the shield and the 
irregularly shaped surfaces. This type 
of shield is applicable to pressurized 
equipment and not suited to low pres- 
sure environments, such as high alti- 
tudes. 


Where feasible, aluminum invest- 
ment castings made of two halves can 
encompass complete assemblies. The 
tubes are embedded in a good heat con- 
ducting plastic such as Silastic, and 
are placed in the cavities. The assem- 
bly is then fastened to an adequate 
thermal plate. 

These investment cast assemblies are 
generally capable of operating at 125 C 
satisfactorily. 

Heat transfer can be further im- 
proved by using 5464 in. diameter 
metering holes directly under the tubes 
These will cause low velocity convec- 
tion currents; however, proper arrange- 
ment of the components is essential for 
maximum efficiency. 

In some applications, reflective in- 
sulation can be used to obtain a de- 
signed thermal gradient in high tem- 
perature assemblies. For example, at 
200 C the ratio of the radiation in- 
tensity of stainless steel to that of a 
black body is about 70 percent when 
oxidized at 1,200 F for 48 hours. 
Therefore, temperature sensitive cir- 
cuits can be mounted separately from 
the heat source by the use of these re- 
flective insulators. 
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Table I 


Column A| Column B 
Tempera- Square 
ture inches of 


difference |case per watt 
© lof dissipation 
130 
120 
110 
100 
90 
80 
70 


60 
50 


40 


50 к 
.70 Etched 


‚88 


чор ьо һә ә ын سا‎ 


Hermetically sealed electronic pack- 
ages can be liquid cooled. With power 
densities of 0.5 watts per square inch 
of cooling surface or less, it has been 
found satisfactory to immerse the elec- 
tronic parts directly in a coolant, such 
as some of the silicone oils. Precau- 
tions must be taken to make sure that 
the coolant is compatible with the 
components so as to reduce the effects 
of decomposition, corrosion, electrol- 
ysis, and dielectric resonances. In one 
application, a pure mineral oil was used 
as a coolant for a 0.3 cubic foot pulse 
microwave transmitter, operating in 
the 200 to 3000 MC region while dis- 
sipating 183 watts in a 65 C ambient 
temperature. The temperature rise for 
this unit was held to 55 Centigrade. 


Regulated Power Supplies 


Where regulated power supplies are 
required, it is sometimes possible to 
use external line regulators. This will 
remove some of the power dissipating 
devices from the package. Also, when 
practical, voltage dropping resistors 
should be kept external to packaged 
units. Preferably these resistors should 
be mounted close to the ultimate ther- 
mal sink, which is usually the main 
chassis, with the small dimension per- 
pendicular to the sink to reduce the 
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Table 


Surface 


(A) 


i ELECTRICAL AND ELECTRONIC COMPONENTS 


Fig. 1—Three types of tube mountings. (A) and 


.05 Brown Anodizing 

40 Green Anodizing | 

Red Anodizing 

Orange Anodizing 

.40 Black Anodizing 

.05 Blue Anodizing 

85 Purple Anodizing 
Flat Black Paint 

00 Black Crackle 

.60 Lacquer 


conduction path through the resistor. 

The following gives a step-by-step 
procedure for designing a package for 
compact electronic equipment. This 
will permit a given number of watts to 
be dissipated and limit the case tem- 
perature rise to some reasonable or pre- 
scribed value. 

(1) Select the desired maximum in- 
ternal temperature and the maximum 
external ambient temperature which 
will prevail, and substract one from the 
other, bearing in mind that the in- 
ternal temperature limit may be dic- 
tated by the eutectic point of solder. 
This is generally about 183 Centi- 
grade. 

(2) Referring to Table I, locate this 
temperature difference in Column A 
and determine the square inches of 
etched aluminum case required for each 
watt to be dissipated from the corre- 
sponding value indicated in Column B 
of Table I. 

(3) Multiply this number by the 
total number of watts that will be dis- 
sipated. This product is the minimum 
surface area required when using 
etched aluminum. 

(4) The required surface area can 
be reduced by dividing the value by a 
dissipation color factor, various values 
of which are given above in Table II 
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(B) are for light duty. (C) is for severe duty use- 


Fig. 2—Tube 
shield designed 
for good thermal 


` characteristics. 


Fig. 3 — Slotted 
shield for use 
with irregular 


shaped compo- 
nent elements. 


for different types of surfaces and 
coatings on the tube shield. 

(5) Further reduction in surface 
area can be obtained by the addition of 


integral fins, the total surface area of 
which should be about 4 or 5 times 
the difference between the desired sur- 
face area and the actual calculated sur- 
face area. The fins can be cast, ma- 


chined on strips bonded to the case 
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One or more of these 


G-E wires, cables, and cords 
Can give your product 
extra advantages 


For many years, General Electric has helped solve the electrical equip- 
ment wiring problems of leading manufacturers. G-E wires, cables, 
and cords can also become an important part of your product. (A few 
examples of the many types of wires available are shown here). Where 
new products require it, G-E engineers will gladly assist product de- 
signers in meeting special wiring requirements. Write for free copy 
“G-E Wires, Cables, Cords for Product Designers.” Address Section 
W 163-1067. Construction Materials Division, General Electric Com- 
pany, Bridgeport 2, Connecticut. 


* Registered Trade-mark General Electric Сатру 
** Trade-mark registration applied for by General Electric Company 


Progress ts Ovr Most Important Produet 


GENERAL QD) ELECTRIC 





FLAMENOL* WIRES AND CORDS 


MACHINE TOOL WIRE Small diameter, color coded, acid-, 
and oil-resistant. (90 C in air, 60 C in water, oil or coolant; 
600 volts.) 


APPLIANCE AND FIXTURE WIRE For general internal or 
external wiring of lighting and similar fixtures, and internal 
wiring of radios, refrigerators, washing machines, ar.d the like. 


APPLIANCE WIRE For wiring appliances where high tem- 
perature rating is required. 600 volts, not exceeding 105 C. 


RIP CORD—SPT For table and floor lamps, radios, fans and 
other small devices. Smooth, attractive, long-wearing finish. 


APPLIANCE AND FIXTURE WIRE For sun lamps, therapeu- 
tic devices, and other high-wattage units. 600 volts, 200 C 
maximum copper temperature. 


APPARATUS LEADS—CLASS H For high-temperature appli- 
cation where flexibility is required, such as motor and trans- 
former leads. 600 volts, 200 C. 


SO, SJO, S, SJ, SV Resistant to sunlight, oil, water, acids, 
alkalies and heat. Available for light-, medium-, or heavy-duty 
on household appliances, office machines, portable tools and 
for use in extreme conditions such as garages, packing houses, 
chemical plants, etc. 


SP For light-duty applications in damp locations and for 
floor lamps, clocks, radios, etc. 


PREENEX* HEATER CORD Outwears fabric type cords ten 
times. Water-, oil-, and grease-resistant. 300 volts, for 90 C 
service. 


MOTOR LEADS Geoprene* cable for fractional hp motors, 
coils, ballasts, etc., particularly for use where wire must stand 
elevated temperatures. 


ALKANEX** WIRE Insulated with heat-resistant polyester 
film that permits lighter, more compact motors . . . raises 
motor ratings as much as 2596. Temperatures up to 150 C, 
exceeding Class B. 


FORMEX* WIRE Designed for motors, coils, and other wind- 
ings where space is at a premium and resistance to moisture, 
fumes, and abrasion is required. Class A, temperatures up 


to 105 C. 


DELTABESTON* WIRE For winding motors, lifting magnets, 
brake coils, generators, etc., subject to high ambient tem- 
peratures and intense operating heat. Class B, temperatures 
up to 130 C. 


DELTABESTON* WIRE 


RANGE WIRE An improved appliance lead wire designed 
for increased dielectric strength and moisture resistance. 300 


volts, 125 C. 
APPLIANCE WIRE Available with smokeless or moisture- 


resistant insulation. 


APPLIANCE LEAD WIRE Recommended for use on appli- 
ances such as sterilizers, etc., where both heat and moisture 
are a problem. 


FIXTURE WIRE For all types of interior lighting fixtures and 
other high-wattage units such as sunlamps, etc. 


SWITCHBOARD WIRE Will resist heat, flame, oil, and cor- 
rosive vapors. 





Engineered RELAYS for Engineered Products 


“Your best source for relays” is Potter & 
Brumfield, because of an enviable reputation 
earned through a quarter century of relay spe- 
cialization. 

Millions of relays of all styles and sizes de- 
signed and manufactured to meet customer 
specification. 


From small sub-miniature, precision, sensi- 


tive relays to heavy duty power types, each ful- 
filling an exacting requirement. 

Enclosed, hermetically sealed or open relay 
structures to meet demands of various environ- 
mental conditions. 

Priced competitively at all quality levels. 
Samples available for immediate shipment. 
Send your specification for recommendations 


and quotations. 


ALL TYPES—ALL SIZES—FOR ALL APPLICATIONS 


Product Design Handbook Issue 





100% HI-POT TEST 


Some sealed relays have as many as ninety 
possible voltage breakdown points. This tester, 
developed by Potter & Brumfield, checks every 
breakdown point automatically with extra high 


voltage and for the necessary time interval. 


ULTRASONIC CLEANING 


Another Potter & Brumfield development, the 
use of Ultrasonic cleaning in relay manufacture. 
Potter & Brumfield sealed relays are tops be- 
cause they are thoroughly cleaned of all dirt, 
solder flux and other contaminants by silent 


sound. 


MICROSCOPIC INSPECTION AND ASSEMBLY 


The small watch size parts of many Potter & 
Brumfield relays are inspected and assembled 


under ten power magnification. 
Thus assuring the close tolerances necessary 


for long life and dependable operation of minia- 


ture and sub-miniature relays. 


For quick delivery, over 350 different standard relays 
stocked by 500 Franchised Electronic Parts Distributors 
(m? throughout the United States and Canada. 


A N POTTER & BRUMFIELD MFG. CO., INC. 
y Princeton, Indiana 
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ALL TYPES—ALL SIZES—FOR ALL APPLICATIONS 
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SILVER GRAPHALLOY 


BRUSHE 


Silver GRAPHALLOY Brushes have been widely used because 
of Low and CONSTANT CONTACT DROP, EXTREMELY LOW 
ELECTRICAL NOISE and LONG LIFE . . . especially for rotating 
strain gages, thermocouple circuits, synchros, guided mis- 
siles, fire control equipment, transducers, radar and sonar 
equipment, servo-mechanisms, selsyns and dynamotors.* 

The GRAPHALLOY process was patented 40 years ago and 
the name GRAPHALLOY has been our copyrighted trademark 
since that time. While this company has been selling 
GRAPHALLOY for the past 40 years recent developments have 
added materially to its properties. Over 30 grades are now 
used in a wide variety of applications. Silver GRAPHALLOY 
Brushes on 4"-diameter coin silver slip rings have been used 
successfully in highly critical electrical circuits at speeds up 
to 100,000 R.P.M. Our Engineering Department will assist 
in determining the exact grade of GRAPHALLOY for your needs. 


BRUSH AND SPRING ASSEMBLY 


Silver GnAPHALLOY Brushes are available for the standard Brush Holders 
described in the next column. Springs are supplied, as part of the assembly, 
to give the correct brush pressure for each brush application. Shunts 
are provided|to insure extremely low electrical noise level and tor carrying 
heavy currents, 


3” | 


COIN SILVER SLIP RINGS 


Standard Coin Silver Slip Rings, both cylindrical and flat types, are illus- 
trated below. We recommend the cylindrical type ring with three brushes 
per ring . . . spaced at 120° The cylindrical type are designed for press 
fitting over standard steel shafting. The flat type rings are designed for nest- 
ing either on an insulated plate or for molding into insulation. Insulated 
slip rings of either type or slip ring assemblies can be furnished with 
leads attached 


Stondord "Flot" rings hove Y%” radial 
contact surface ond Ye” radial spacing 
between adjacent rings, 


Part No. 


oD ID Thickness Part No. 


168-20 1% Ye 116S-4** 
168-32 2 А Ye 116S-6** 
168-44 24, 1, %6 116S-8** 

168-56 $4 3 116S-10*: 
168-68 AU, 34 Ve 116S-12* 
168-80 5 a, Vs 1165-14 
168-92 54 5/4 Ye 116S-16 

168-104 45 t e 116S-18* 
168-116 7 6% 346 1165-19 
168-128 з T Ve 1165-23 
168-140 8%, ГУЛ Vs 1165-27 

ўв 








168-152 9 1165-35 
168-164 93, 1165-43 
168-176 n 107/, 1165-52 
168-188 11/4 ) 1165-60 
168-200 mj 12 | 1165-68 
168-212 13, 1165-76 
168-224 14 137 1165-84 
168-236 14/4 1165-92 
168-248 15 1165.102 
168-260 15% 1165-118 
168-272 167 5 1165-134 
168-284 17/4 1165-150 
158-296 18 1165-166 
168-308 18%, 
168-320 "A 


138 


Фе ча Ф т ол д 4 б 2 
3832323282883888; 
“~ TS TTS SS. SS. “ч “мч, s 

PMPL EPS LSE PSS SH... 
2222222 

FEF. 


H 
33 


**Available also in coin silver .025" thick inlaid 
over brass. For inlaid, omit “S” from part number 


BRUSH HOLDER AND CAP 


INSULATED 
CAP BRUSH HOLDER 


Suggested Minimum 

Ring Width 

Holder to Slip Ring 
Broached Hole 


Hole Diameter 


Brush Holder 
& Cap. No. 
Distance of Brush 


**Mounting 


Brush Size 


КР 8. 8. 9. 1 


14326 sq. Ye "Ho YVemin. 437 У. ™% 406 12%, „4164 .130 
11509 532 5. Y, 35:2 emin. 437 Yis %4 406 25, 416 
11570* y, sq. ГА h6 Vs min. 484 Y, %4 438 2%42 
W527 Asa Yie e Amin. 615 Ys Wig 563 195 


Other sizes available. 
*Shunts are provided. **Mounting hole diameter for brush holder dimension D. 


INSULATING 
SLEEVE 


DIAGRAM of 
BRUSH and 


SLIP RING 
ASSEMBLY 


CONNECTORS 
(GARTER SPRINGS) 


GarterSpring Brush Brush 


These silver plated coil spring 
Connectors make for positive _ Connectors Size Holder No. 


electrical connection to the brass — — — — 
body of the brush holder by 127-9 Ve 34. 14326 
snapping into the groove on the 127-9 552 sq. 11509 
holder. The connecting lead can 127-10 Y, sq. 11570 
be pre-soldered to the Connector. 127.14 Va 9. 11527 


*CALL ON OUR 40 YEARS OF DESIGN EXPERIENCE 
FOR HELP IN SOLVING YOUR BRUSH PROBLEMS! 
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...and SILVER GRAPHALLOY 


brush assemblies 


CYLINDRICAL SLIP 
RING ASSEMBLY 


for your “TOUGH” 
electrical 
requirements 


CYLINDRICAL SLIP RING and 
BRUSH HOLDER ASSEMBLY 


Graphalloy Brush 


Three Brushes on 
Ring 120° Apart 


GRAPHALLOY 
BRUSHES 


are used on 


Coin Silver 
Slip Rings 


IIIIIILI 


eee 


Bearing Assembly 
FLEXIBLE COUPLING 


One standard grouping has 10 slip rings although any number of 
<= slip rings may be assembled. 3 brushes per slip ring are used. 


FLAT SLIP RING 
ASSEMBLY 


On rotating equipment, the .measure- 
ment of changes in resistivity or emf 
must be brought out by means of slip 
rings and brushes. To obtain intelli- 
gible information under these condi- 
tions, the extraneous circuit noise level 
must be kept below the signal level. 
Since Silver GRAPHALLOY Brushes, in 
combination with Coin Silver Slip 
Rings, reduce the extraneous noise 
level to extremely low values, they have 


GRAPHALLOY CONTACTS 


GnAPHALLOY, because of its inherent non-welding 
and arc-quenching characteristics, is used widely for 
contacts . . especially where positive breaking of 
a cireuit is required 


Coin Silver Slip Rings molded 
in plastie ring support 


SECTION Y-Y SECTION |Z-2 


been used extensively in rotating strain 
gage and thermocouple applications. 
Noise levels as low as 20-50 microhms 
in a 100-ohm circuit have been obtained 
with Silver GRAPHALLOY Brushes. (We 
will develop and manufacture your 
complete assembly!) Commutators and 
choppers for the production of square 
wave signals or for pulse systems can 
be manufactured to meet your circuit 
requirements. 


GRAPHALLOY BUSHINGS 


With military requirements demanding operation 
from 100° to +250°F., GRAPHALLOY Bushings, 
which are inherently oilless, have been used success 
fully in potentiometers, synchros, cameras, instru 
ments and missiles. Properly designed GRAPHALLOY 
Bushings will take considerable shock (50 g.). They 


have replaced oil-lubricated bushings for the follow- 


ing reasons 
I) Lower friction at room temperatures. 
2) No oil to solidify at low temperatures 
3) No oil to carbonize at prolonged 
elevated temperatures 


GRAPHITE METALLIZING CORPORATION 
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equipment as... 


SERVO SYSTEMS 
SYNCHROS 

SELSYNS 

CHOPPERS 

RADAR 

GYROS 

INVERTERS 

PULSE SYSTEMS 
GUIDED MISSILES 
DIGITAL COMPUTERS 
WAVE GUIDES 
SONAR 
TRANSDUCERS 
TORQUE INDICATORS 


“We Specialize in 
Special Designs” 


Our Engineering Department 
will develop or 
assist you in developing 
special components 
and assemblies. 


1017 NEPPERHAN AVE 


YONKERS, N. Y. 
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FOR LONG LIFE 
...... AND DEPENDABILITY 
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RHEOSTATS RESISTORS TAP SWITCHES 


All-eeramic and metal, close 


| R. F. CHOKES 


Five compact models, 10 to- | Single layer R.F. plate chokes 
fixed, adjustable, tapped, and | 100 amperes, AC, up to 12 


[| and power line chokes, on 
non-inductive, power wire- [| 


A wide range of dependable, 
control rheostats for unsur- | 


passed dependability and taps. All-ceramic and metal steatite or plastic cores. Pro- 
smoothness of operation. Ten | wound resistors. Also a wide | construction, Silver-to-silver 

{ 

| range of precision resistors. 

{ 


tected by a special moisture- 
stock sizes, 25 to 1,000 watts 


resistant coating. 


б 
contacts, with self-cleaning | 
| rotor contact. | 


P o ote wee OHMITE’ 


OHMITÉ MANUFACTURING CO., 3612 HOWARD ST., SKOKIE, ILL. (Suburb of Chicago) 





POLE Mp EL A A SIT — 


HIGH QUALITY, GENERAL-PURPOSE 


RELAYS FEATURING COMPACTNESS, 
DEPENDABILITY AND" TONG LIFE! 


hermetically 
sealed or 
dust-protective 
enclosures 


G1 TYPES 


available from 


STOCK 


Current ratings up to 25 amp, AC or DC 


When you want the utmost in relay dependability, 
investigate the Amrecon line. Amrecon relays are 
designed, produced, and tested in the new, air- 
conditioned Ohmite plant. 

These ruggedly built relays have the ability to 
handle power loads usually requiring larger, heavier 
units. They are built to meet rigorous aircraft relay 
standards, and are particularly adapted to mobile 
equipment where severe shock and vibration are 
encountered. 


Amrecon relays are available with serew, plug, 
or solder-wire terminals; in a variety of contact 
arrangements; with hermetically sealed or dust- 
protective enclosures. Order from the 61 stock 3 i 
types, or let Amrecon’s engineers help you work 4 — [=> 
out special relay applications. 57 


ША" 


MANUFACTURING COMPANY 


3612 Howard St., Skokie, Ilinois (Suburb of Chicago! 





1. for outstanding endurance, 
dependability... 


When extremes in 
long service life and 
reliable operation are 
demanded, this relay 
meets requirements. 
Life often exceeds 
400 million opera- 
tions! For ac or dc 
operation. 


‚ А when first cost 


5. for exacting miniature 
applications ... 


send for: 
Relay Circular 1702. 


For aircraft use where Stepping Switch Circular 1698. 


resistance to shock 
and vibration must 
be met by a small, 
light relay. Rugged, 
reliable. For dc 
operation only. 


7. tocombine relay and step- 
— ping switch functions... 
Relay Here’s a shock-resist- 
ant, cam-type relay 
for cam-switching, 
alternat« on-off oper- 
ations. Use as a 


6. for maximum timing 
with reduced size... 


is important... 


You can hold down 
costs with this “‘all- 
purpose’’relay. Meets 
Automatic Electric’s 
high quality stand- 


You can order this 
miniature relay with 


plus many other spe- 
cial features. For ac 
or de operation. 
Time-delay is for dc 


specific time-delays, ar Ў 
Б 


| 


“stepper.” You spec- 
ify programming. 
For de, or 115 V.-60 
cycles ac rectifier 
operation. 


ards— gives long, de- 


operation only. Class “Z” 


pendable service. For 
dc operation only. 


А. when size limits 
relay selection .. . 


This compact relay 
combines unusual 
dependability and 
surprisingly long 
service-life in a space 
about half the size of 
the average relay of 
equal rating. For dc 
operation only. 


4. for polarized 
pulse repeating... 

Here’s a new relay 

for high-speed pulse 

repeating, or for ap- 

plications where low 


Relay 


Rotary stepping switch 
features... 


For complicated space and 
weight problems, specify 
Type 44. By proper wiper 
arrangement, this sturdy 
switch can provide 10-, 
20-, or 30-point operation. 
For up to 110 V. dc, or 
built-in rectifier for 115 
V.-60 cycles. 


Use Type 45 for greater 
capacity. Available with 2 
to 10 (or more) 25-point 
bank levels. Can be used 
with wipers arranged in- 
dependently for 25-point 
operation; or in staggered 
pairs for 50-point opera- 
tion. For up to 110 V. dc, 
or for 115 V. ac. 


8. special features 
available... 


For applications 
where atmospheric 
conditions will affect 
relay performance, 
all Automatic Elec- 
tric relays are avail- 
able in hermetically- 
sealed enclosures. 
Special plug-mount- 
ings may also be spec- 
ified for Class A, B, 
F, S and Z Relays. 


Class "S" 
Relay 


Automatic. Electric's high stand- 
ards of quality, workmanship and 
engineering offer you the finest re- 
lays and stepping switches money 
can buy, in a complete selection 


to fit your needs. 


complete information. 


rite today for 


Automatic 


Electric Sales Corporation, - 1033 
West Van Buren Street, Chicago 7, 


Illinois. 


current is trans- 
mitted over long 
lines. Relay gives bil- 
lions of operations 
without re-adjust- 


R E LAYS OF Trt INDUSTRIAL SWITC H t 5 
AUTOMATIC <> ELECTRIC 
® 
CHICAGO 
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Free! Technical Literature Describing 
IMC's Electrical Insulating Materials 


IMC’s product literature system pro- 
vides you with descriptions, technical 
data, typical applications, and other prac- 
tical information on the electrical insula- 
tions listed on this page. Because IMC 
manufactures, distributes, and is familiar 
with almost every kind of electrical insula- 
tion, you can bring your technical library 
on this field up-to-date by requesting free 
literature on these products. 


Publication 
No. 


280 


PRODUCT 


Inmanco* Wedgie 
motor slot wedges 


Inmanco* laminated asbestos motor slot 
wedges 


Inmanco* crimped insulation paper 


Inmanco* curve- and square-formed 
fibre motor slot wedges 


Inmanco' 


hard maple wood 


fibre washer assortments 

Inmanco* fabricated electrical insulation 
parts 

Inmanco* dispenser 
motor slot paper 


packaged cuffed 


Inmanco* stylized motor slot insulators 


180 
220 
219 


cotton and flax twines 
woven cotton tapes 
and Electra braided cotton sleev- 


Imcor 
Imcor 
Imcor 
ings 
Imcor 
ing 
Imcor 


310 and Vartex extruded plastic tub- 


420 
110 


woven glass tapes 


Permacel* Pressure-sensitive electrical 
and industrial tapes 


Conolite 

Asbestos 
tapes 

R/M* Asbestos 
sleevings 


-118 
- 130A 


polyester laminates 
and R/M 


woven asbestos 


130B braided tubings and 


oe Phenolite 


-152 


laminated plastics 





Coilite spirally wound phenolic paper 
base tubing 
Dynakon reinforced plastics 


-155 


braided cot- 
ton and glass tubings and sleevings 
with treatments or coatings of oleo- 
resinous varnish, vinyl resin, silicone 
varnish, silicone rubber, and Teflon 

Suflex (formerly Dieflex*) vinyl coated 
glass braid covered lead wire 


250 je (formerly Dieflex*) 


250A 
B-203 
-175 


-182 


INSULATION 


MANUFACTURERS . CORPORATION 


565 West Washington Boulevard 

Chicago 6, Illinois—Phone CEntral 6-7320 
1231 Superior Avenue, N. E. 

Cleveland 14, Ohio—Phone SUperior 1-2310 


Other offices and rep- 
resentativesin Chicago, 
Dayton, Detroit, Mil- 
waukee, Minneapolis, 
Peoria, and Pittsburgh. 
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Most standard electrical insulations 
described in these bulletins are carried in 
local IMC warehouses in order to give 
same-day” service. In addition, these 
electrical insulating materials can be sup- 
plied fabricated to your exact specifications 
or blueprints. For more information con- 
tact your nearest IMC office or send the 
coupon today. 


“ 


Publication 
No. 


PB 341 


PRODUCT 


National vulcanized fibre and Peerless 
fishpaper 

PB 400  Fiberglas* and Electra glass tying cords 

PB 41€ Electra braided glass sleevings 

PB 527A Macallen manufactured mica products 

PB 350 Rogers Rofico electrical fibre 

PB 581 |Н & V* Groton wood pulp papers and 

B-148 (  pressboards 

PB 583 Manning all rag and part rag papers and 
pressboards 

PB 610 Lumarith* cellulose acetate film 

PB 610A Mylar* Polyester Film 

PB 610B Ethocel^ ethyl cellulose sheetings 

B-73 Respro heat sealing cloth 

PB 680A) Dow Corning? silicone insulating var- 

PB 680B > nishes, grease, resins, adhesives, com- 

PB 680C} pounds, and Silastic* pastes 

PB 710 Pedigree insulating varnishes, sealers, 
adhesives, shellacs, compounds, and 
paints il 

PB 680 \ Dow Corning* Silastic® R tape, Varsil 

PB 750 silicone resin or rubber coated glass 

PB 750A/ cloth and tape, and Vartex varnished 

PB 750B\ cambric, glass, silk and asbestos cloth 

PB 750C; and tape, varnished paper and Teflon* 

PB 750D| coated glass cloth and tape 

PB 750E 

PB 7501 

PB 750С | Varslot combination insulations made 

B-167 with rag paper, fishpaper, asbestos 

B-168 paper, varnished cambric, varnished 
glass, or Mylar* polyester film 

PB 750F Vartex resinous sheeting and tape 

B-119  R/M* Teflon* tubing, rods, and tape 

PB 880 Insulation Classes 


Other products include |!mcor* asbestos paper, 
Imcor* and Plymouth friction and rubber tapes, 
and Respro Voltape. 


*Registered trademarks, U. S. Patent Office. 
Inmanco products are manufactured exclusively 


by IMC. 


Publications Department, PEH 
Insulation Manufacturers Corporation 
565 West Washington Boulevard 
Chicago 6, Illinois 


Yes, send me the free catalogs and bulletins 
indicated by the publication numbers | have 
listed on the right. 


Name 


LIST PUBLICATION NUMBERS 
BELOW 





Company 


Street Address. 
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To meet the widely different requirements 

of our customers, we work with 17 basic types, from 

which we have so far developed 721 combinations. 

19 years of successfully "timing" these 

customers has equipped us with a breadth of 

practical experience that you can draw on. 

The timers we manufacture comprise a complete line Re-Cycling Timers 
in 4 broad classifications. 


TIME DELAY TIMERS ° INTERVAL TIMERS 
RE-CYCLING TIMERS + RUNNING TIME METERS 


That's why you can depend on us to meet your needs. If we 

can't do it with one of the 721 combinations already developed, 
we'll have our engineers get on it at once and develop the 
combination that's right for you. 

Our deliveries are extra good because we maintain large 

stocks of our 17 basic types, and even if your order is very "special" 
you'll be more than satisfied with our service. Send us your 


specifications; you'll get a prompt reply. Running Time Met 
unning Time Meters 


Timers that Coni ULM) INDUSTRIAL TIMER CORPORATION 


the Pulse Beat ^j dustry OGDEN Ss АОН NEWANKK 24,-N. J 
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PRECIOUS ‘METAL LAMINATES : 


= = “AL PROPERTIES 
NDERLINE DESIRABLE ELECTRICAL 
| | [) ө d 


М E. FCONOMY 
"ORROSION RESISTANCE AS 
n 


CROSSBAR 
CONTACTS 


First used for miniature re. 
lays in telephone service, 
they now find widespread ap- 
Plication in the Current trend 
toward miniaturization, An 
important factor for easy, 
Swift assembly is the fact 
that alignment of contacts is 
not critical. 


Attachment by Makepeace 
machines effects major sav. 
ings because they cut off 
and weld automatically, Fur. 
ther economies in precious 
metals result from the fact 
that laminated Precious metal 
capped contacts are pro- 
duced on tape in production 
runs and supplied on reels 
$ . eliminating need for 
handling individual tips, 


D. E. MAKEPEACE COMPANY 


ATTLEBORO, MASS 
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YOUR MOST COMPREHENSIVE SINGLE SOURCE FOR 
SELENIUM AND COPPER OXIDE RECTIFIERS 


SPECIAL RECTIFIERS ARE STANDARD AT BRADLEY LABORATORIES 


High Temperature, Limiters, Control, Limited Life, Instrument, Magnetic Amplifier, 
Radio & TV Stacks, Modulators, Diodes, Humidity, Fungus and Salt Spray 
Resistant, Vibration and Shock Resistant, Stabilized, Metal, Glass and 
Plastic Hermetically Sealed. 


VACUUM PROCESSED — FOR PERFORMANCE AS RATED 


BRADLEY LABORATORIES, INC. 


170D Columbus Ave., New Haven 1l, Conn. 


radley - 


REPRESENTED BY: 


Gerald B. Miller Co. 
1550 North Highland Avenue 
Hollywood 28, Calif. 


Lloyd E. West Co. 
557 East Walnut St. 
Pasadena 1, Calif. 


W. Henry Cordray 
18 West Chelten Avenue 
Philadelphia 44, Pa. 


The John G. Twist Co. 
2800 No. Milwaukee Avenue 
Chicago 18, Ill. 


Jerry Vrbik 
621 Guaranty Bldg. 
Cedar Rapids, lowa 


John A. Green Co. 
6815 Oriole Drive 


Dallas 9, Texas 


Glenn M. Hathaway Elec., Inc. 
238 Main Street 
Cambridge 42, Mass. 


Jack Geartner Co. 
823 86th Street 
Miami Beach, Fla. 


Forrest C. Valentine, Inc. 
511 Fort Wayne Bank Bldg. 
Fort Wayne 2, Indiana 


Earl K. Moore Co. 
4108 Clermont Drive 
New Orleans 22, La. 


A. C. Wahl Co. 
416 West Benson Street 
Reading 15, Ohio 


TRI-onic Sales, Inc. 
10116 Puritan Avenue 
Detroit 38, Mich. 


David Sonkin 
Lucas Bldg., 10 Fiske Place 
Mt. Vernon, N. Y. 


Kay Sales Co. 
3760 Broadway 
Kansas City 11, Mo. 


Holliday-Hathaway Co., Inc. 
270 Park Avenue 
New York 17, N. Y. 


Measurement Engineering, Ltd. 
Arnprior, Ontario 
Canada 


EXPORT 


Masten-Wright Corp. 
1262 Whitney Avenue 
Hamden, Conn., U.S.A, 
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Product Engineering — Mid-October, 1955 


* SIZES: .035" to 36" Diameter, Cylindrical or Flat 


* CROSS-SECTIONS: Ring Thickness .005" 
to .060" or More 


* FINISH: 4 Micro-Inches or Better 


* BREAKDOWN: 1000 V or More Hi-Pot 
Inter-Circuit 


* RING HARDNESS: 70 to 95 Brinell 


* SURFACE PROTECTION: Palladium and Rhodium, 
or Gold Prevent Tarnish, Minimize Wear & Noise 





FOR ELECTRICAL APPLICATIONS 
INSULATION BY IRVINGTON 


IRVINGTON INSULATING TAPES 


FLEXIBLE TUBING 
Extruded Plastic—Varnished—Coated 


The Irvington line of insulating tubing includes extruded 
thermoplastic and varnished types, for all conductor 
sizes commonly used in electrical wiring. All are char- 
acterized by high dielectric and tensile strength, excel- 
lent flexibility, smooth surfaces and resistance to acids, 


alkalies and fumes. 


Application 


Airflext 
Нућех} 
Ivi-Flext 


Temperature Tronsflexi 


Temfiext 105 


Braided Glass** 
High Silicone 
Temperature Rubber-Coated 
Silicone Resin- 
Coated 


Irv-0-Litej 
XTE-30 


Varnished** 
Irv-0-Voltj 
Tubing—Cotton, rayon and 
glass, varnished inside and 
out; Sleeving—cotton, rayon 
and gloss, saturated. 


IRVINGTON: 
cotten, rayon and 
tubing. Special types. 


Locquer-coated, 
glass 


“Dry test, .020” wall 


INSULATING VARNISHES 


Grade A—7000 
Grode B—4000 
Grade (—1500 
Grode A—7000 
Grade B—4000 
Grode (—1500 


Grade A—7000 
Grade B—4000 


Grade (—1500 


Grade A—7000 
Grade B—4000 
Grode (—1500 


AND YARD GOODS 


Available in a wide range of formulations to meet 
such electrical requirements as: high dielectric 
strength; resistance to moisture and heat; flexi- 
bility at high and low temperatures. Table lists the 
more commoniy used types; consult our sales de- 


partment for special requirements. 


High resistance 
to ozone 


Flex. at — 90°F. 
—10°F. to 167°F. 
Flex. at — 80" F. 


Transparent: 
— S8" F. to 187^ F. 


Cont. Oper. at 
105°C. in air & 
90°C. in oil 
High 
Excep. flex., Temperatures 


heat endurance 


High heat 
endurance 


Rubber-like, 

flexible 
General 
Purpose 


Special 
Applications 


Varnished Silk 
Varnished Rayon 
Varnished Nylon 
Varnished Combric 


Varnished Paper 


Silicone Varnished 
woven glass 
Silicone Rubber- 
Coated Woven 
Glass 
Thin Silicone Coated 
Asbestos Paper 
Silicone Saturated 
Asbestos 
Silicone Coated 
Asbestos 
Teflon$ Coated 
Woven Glass 
Silastic $$ Tape 
Irvington Plastic 
Varnished Woven 
Glass 
Varnished Cambric 
(straight cut) 


Varnished Cambric 
(bias cut) 


Ivi-Bind (pressure- 
sensitive backing) 


STANDARD 


WIDTHS AND LENGTHS 


Straight cut 
yord rolls. 


and 72 yord rolls, 36” wide or tapes 
**Meets NEMA VSI-1950 & ASTM Stds. D-372 


The varnishes listed here represent a few of the 
many types developed by Irvington for a wide range 
of uses. All these varnishes offer good-to-excellent 
resistance to moisture and heat, and most of them 


also resist the effects of oil, acids and alkalies, Di- 
electric strength ratings in this table are based on 
average short-time tests for a film of varnish on 


supplied i 
Bios cut supplied i 


Harvel 612-C 
Harvel 912-C 
Irvington 100 
Irvington 140 
Irvington 500 


Irvington 1201 
Harvel 1301 


Dielectric 
Strength* 
(ерт) 


.007, .010, .012 | 2000-1600 
.004-.020 3400-1600 
002-.008 
.003-.008 


.003-.005 
.00075..015 


Tensile 
Strength 
Ibs./1^" width 


” 


.003 


.006-.007 
„010, .012 


.003-.010 
„010, .015, .020 


*Av. Short Time Test 


LAMINATED CONSTRUCTIONS 
Polyester film (high dielectric approx. 
4000 v.p.m.), bonded in duplexed or 
triplexed combinations to 100% rog 
or Kraft paper, asbestos paper or 
woven glass cloth. 


Chemical, Oil 
and Moisture 
Resistance 
Excellent 
Excellent 
Good 
Excellent 


Irvington 9 
Harvel 902 


paper in the case of baking varnishes; on U.S. Navy 
Specifications in the case of air drying types. 


Write for Technical Data Sheets and Varnish Selector Chart 
1$T.M. Reg. U.S. Pot. Off. $T.M. Reg. U.S. Pot. Off. by Dv Pont $8T.M. Reg. U.S. Pat. Off. by Dow-Corning 


IRVINGTON 


tTrademark 


H 
INSULATOR 


DIVISION OF MINNESOTA MINING & MANUFACTURING COMPANY 


10 ARGYLE TERRACE, IRVINGTON 11, N.J. * PLANTS: IRVINGTON, N. J; MONROVIA, CALIF.; HAMILTON, ONTARIO, CANADA 
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YOUR ONLY SOUKCE 
of a Complete Line of MAGNETIC MATERIALS 


Arnold products include all grades of Alnico permanent magnets (cast and sintered) tape- 
wound cores of high-permeability alloys, such as Deltamax, Permalloy and Supermalloy 


types "C" and "E" cut cores of Silectron in any size or weight range from a fraction of an 


ounce to hundreds of pounds (50 Ibs. max. on 12-mil C cores); also round, square and гес 


tangular Silectron cores . . . powdered Mo-Permalloy cores Cunife, Vicalloy, Permendur and 
other magnetic materials. Special magnetic components can be produced to meet your specific 
requirements; and such products as powder cores, tape-wound cores, and C and E cores are 
carried in stock in a wide range of standard sizes for immediate delivery. Many sizes of cast and 
sintered Alnico magnets also are stocked. 


In other words, Arnold magnetic materials can answer amy requirement you may have. It 
iş the only complete line in the industry; and in addition, Arnold maintains complete control 
over every production step from raw materials to finished products. Such a source can bring 


you advantages in long experience and undivided responsibility, and in unequalled facilities 
for quality production and control. @ Let us supply your needs. 


TECHNICAL DATA AVAILABLE 
Bulletin GC-106 A . . . General information on all 


Arnold magnetic materials: permanent magnets, 
tape-wound and powder cores, etc 


Bulletin TC-IO1T A . . . "Properties of Delramax, 
4-79 Mo-Permalloy and Supermalloy'"—28 pages 
of technical data on Arnold Tape-Wound Cores. 


Bulletin PC-104 A . . . “Molybdenum Permalloy 
Powder Cores" —16 pages, complete technical data. 


Bulletin SC-107 . . . "Arnold Silectron Cores” 

52 pages of valuable data, covering a complete 

range of core shapes, sizes, tape gauges, etc. 
ADDRESS DEPT. PE-S510 


THE ARNOLD ENGINEERING COMPANY 


SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 
Home Office and Plant: Marengo, Ill. Telephone: (Chicago) ANdover 3-6300 


BRANCH OFFICES 
BOSTON: 200 Berkeley St., HAncock 6-8270 LOS ANGELES: 3450 Wilshire Bivd., DUnkirk 8-0361 NEW YORK: 350 Fifth Ave., OXford 5-1685 


REPRESENTATIVES 


BUFFALO, N Y : Brace-Mueller-Huntley, Inc., 1807 Elmwood Ave., Phone RI-2620 MINNEAPOLIS, MINN : Frank B. Elam, 6524 W. Walker Street, WEst 9-516! | 
CLEVELAND, OHIO: Ernie Kohler Assoc., 8905 Lake Ave., OLympic 1-1242 PHILADELPHIA, PA : W. R. Murphey, 520 E. Moreland Ave., Wyndmoor, CHestnut Hill 7-0831 
DALLAS, TEXAS: Southwest Electronic Industries, 4515 Prentice St., FOrest 8-8306 ROCHESTER, N Y : Brace-Mueller-Huntley, Inc., 315 Hollenbeck St., COngress 6560 
FORT MYERS, FLA : Arthur H. Lynch, P.O. Box 466, Phone 5-6762 SEATTLE, WASH : Arthur H. Smith, 1927 First Ave. S. MUtual 2180 
MILWAUKEE, WISCONSIN: Frank W. Ladky Assoc., 4028 North Wilson Drive, WOodru ff 2-2940 SYRACUSE, N Y : Brace-Mueller-Huntley, Inc. 625 James St, SYracuse 7-33341 

EXPORT: Sylvan Ginsbury, Ltd., 8 West 40th Street, PEnnsylvania 6-8239, New York 18 N. Y 





international Rectifier 
Selenium and Germanium Rectifiers 


Е 


international 
Selenium 


Products 


Pressed powder or vacuum process 
used as determined by our 
Applications Engineering Dept. The 
most widely used Industrial Power 
Rectifiers in Industry today! 


HIGH VOLTAGE CARTRIDGE RECTIFIERS 


Designed for long life and reliability in Half- 
Wave, Voltage Doubler, Bridge, Center-Tap 
Circuits, and 3-Phase Circuit Types. Phenolic 
Cartridge and Hermetically Sealed types 
Operating temperature range: 
Bulletin H-2 


available 
—65°C to +100°C, Specify 


international 
Germanium 


Products 


High quality units of improved design 
are the results of years of expe rience 
in the production of exceptionally 
fine germanium crystals plus extensive 
research, development and field 
performance testing! 


through research! 


WORLD'S 


150 


LARGEST 
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INDUSTRIAL POWER RECTIFIERS 


For all DC power needs from microwatts 
to kilowatts. Features: long life; compact, 
light weight and low initial cost. Ratings: 
to 250 KW, 50 ma to 2,300 amperes and 
up. 6 volts to 30,000 volts and up. Efficiency 
to 87%. Power factor to 95%. Bulletin C-349 


SUB-MINIATURE SELENIUM DIODES 


Developed for use in limited space at ambi- 
ent temperatures ranging from —50°C to 
+100°C. Encapsulated to resist adverse 
environmental conditions. Output voltages 
from 20 to 160 volts; output currents of 100 
microamperes to 11 MA. Bulletin SD-1B 


— 
GERMANIUM POWER RECTIFIERS 
This new line features: High efficiency —up 
to 97%, Lowest forward drop, High reverse 
to forward current ratio, unlimited life 
expectancy. No reforming required after 
storage. Ratings: 26 to 66 AC input v. per 
junction: 150 to 100,000 amps DC output. 
Operating temperature range: —55°C to 
-75°C. In three styles. Bulletin GPR-1 


TV AND RADIO RECTIFIERS 
The widest range in the industry! Designed 
for Radio, Television, TV booster, UHF con- 
verter and experimental applications. Input 
ratings from 25 to 195 volts AC and up. DC 
output current 10 to 1,200 MA. Write for 
application information. Bulletin ER-178-A 


PHOTOELECTRIC CELLS 


Self-generating photocells available in 
standard or custom sizes, mounted or un- 
mounted, Optimum load resistance range: 
10 to 10,000 ohms, Output from .2 MA to 
60 MA in ave. sunlight. Ambient tempera- 
ture range: —65°C to + 100°C. Bulletin PC 649 


GERMANIUM DIODE 


POINT CONTACT. High quality crystals— 
long reliable life — superior resistance to hu- 
midity, shock, temp.-cycling. Bulletin GD-2 
JUNCTION POWER. Hermetically sealed 
— welded construction. Available in Stand- 
ard JETEC 1N91, 1N92, 1N93 types. For 
diodes to meet your specific requirements, 
consult our Semiconductor Division. 


For bulletins on products described Write ON YOUR LETTERHEAD 
to Our PRODUCT INFORMATION DEPARTMENT 


International Rectifier 


c [e] R P о 


EXECUTIVE OFFICES: 1521 E GRAND AVE., 


NDUSTRIAL 


R 


EL SEGUNDO, 


METALLIC 


T I о м 


CALIFORNIA • РНОМЕ OREGON 8-6281 
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LE RESISTORS — | 
Oe Type UPM-45 
For TV preset control applications. Control mounts 


INTED CIRCUITS " directly on printed circuit panel with no shaft extension 
| through panel. Recessed screwdriver slot in front of control and 
3/8” knurled shaft extension out back of control for finger 
adjustment. Terminals extend perpendicularly 7/32” 
from control’s mounting surface. 


Type 66-045 


Threaded bushing mounting. Terminals 
extend perpendicularly 7/32" from control's 


mounting surface. Available with or without 
associated switches. 


Туре 070 (Miniaturized) 

Threaded bushing mounting. Terminals 
extend perpendicularly 5/32” 

from control’s.mounting surface. 


Type YGC-B45 
Self-supporting snap-in bracket 
mounted control. Shaft center spaced 


29/32” above printed circuit panel. 
Terminals extend 1-1/32* 
from control center. 


Type XP-45 


For TV preset control applications. Control mounts 
on chassis or supporting bracket by twisting two ears. 


Available in numerous shaft lengths and types. 


Туре XGC-45 


For applications using a mounting chassis 
to support printed circuit panel. 
Threaded bushing mounting. 


LDERLESS “WIRE- Type WGC-45 
pit - Designed for solderless wire-wrapped connections 
| with the use of present wire-wrapping tools. 


4 Ьа) 
Available with or without switch and in 


CONNECTIONS FENA ANA | 
p — ; single or dual construction. 


~ 
УЕН ВЫ 
The controls illustrated are typical constructions 


L 








CTS’ years of engineering and technical experience makes available 
many other types for your automation needs 
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CHICAGO TELEPHONE SUPPLY 
6c 7 72/2217. 


TPG ALI Spectatists tn Prectston Mass Production 74 ‘Yartatle Reststorw 





Variable Resistors 


1/2-w. standard—For radio, TV. Single, twin, or 
dual-concentric. 15/16” diam. 250 ohms to 10 megs 


г | 1/10-w. sub-miniature — For hearing aids com 
Since 1922 munications, computers. 5/8” diam. 500 ohms 
; 


to 10 megs. 


l/4-w. sub-miniature — For instruments and 


industry's No. 1 У а аи 

Write for Group A bulletins 
source of standard Ss Ser Wow 
and special 


\ 
electronic components 


Miniature Radio and TV Transistor 


Wire-Wound Military-Type 


Electronic Switches Ceramic Capacitors 


TC-BC — Discs, tubulars. 150 v. to 6.000 
Rotary—15/16" to 1-5/8" diam. Phenolic or v.d.c.w, 1 mmf, — 0.1 mf, TC available 
Steatite insulation. Single or multiple sections + 100 to — 5250. 


Medium-duty power—For transmitter, industrial High voltage — high accuracy — High-voltage 
control, laboratory testing, military, commercial. types, up to 30,000 v.d.c.w, High-accuracy 
2-13/16" diam. 71, amp. rating at 110 v. types, + 1% tolerance, 500 v.d.c.w., upto2,500 mmf 


25,000 cycles minimum, Trimmer Tubular or flat, Meet JAN-C-81 
Specialized — Lever, slide, tone, tuner sections, specifications. 1 mmf, to 400 mmf., 500 v.d.c.w. 


others. Specialties Feed-thru, stand-off, button 
Wirte for Group B bulletins. shape, potted, other capacitors. 


Write for Group C bulletins. 


Miniature Rotary-Action 
Rotary Switches Flat Switches Power Switches 


3 AZ T 

aX } 
ee 

£ (8 


Lever-Action Trimmer Specialties 
Switches Switches 


Engineered Ceramics Packaged Electronic 
Circuits 


Complete radio-TV circuits, amplifiers, oscillators, 
detector networks, resistor networks — including 
cdpacitors, resistors, wiring, and inductance 
manufactured to your specific performance limits 

1/2-w. resistors meet applicable MIL-R-11 
specifications. 50 ohms to 50 megs. Capacitors 
up to .01 mmf. 

Write for Gro мр D bullet: 
—— 


= ps + 


: fis) 9% fis 
= £ " Р «n À м Н" 
Pressed Parts ر‎ s : 


жы Complete Radio and 
Tes gs > Amplifiers TV Circuits 
$ дугу ums 


a 


Grade L-5A Steatite . . , Grade L-2A Cordierite 
Grade L-2 Electrical Porcelain . . . Grade 

L-4A Zircon Porcelain. High dielectric and 

compressive strength, high heat resistance, Im- 

pervious to common acids. Can be metallized 

to close tolerances. Used increasingly to replace 

metals, plastics, low-grade porcelains. 


Write for Group E bulletins. 


LT . 
É TW 
CHS is sri. 


Coil Forms 


ч M, 


918 East Keefe Avenue, Milwaukee 1, Wisconsin 
In Canada: 804 Mt. Pleasant Rd., Toronto, Ontario 


5% edited At RU. © Qut В 
Computer Specialized 
Circuits Units 
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connect with 


Vibration Resisting— Moisture Proof 
AN-E 


For General Circuitry in 
More Rugged Applications 


K, RK 


For Rack-and-Panel 


FIREWALL 


Refer to Dept. 106 


CANNON ELECTRIC COMPANY, 3209 Humboldt St., Los Angeles 31, 
California. Factories in Los Angeles; East Haven; Toronto, 
Canada; London, England. Representatives and distribu- 
tors in all principal cities. 
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AN Series...conforming to Specification MIL-C- 
5015B. 15 diameters and 260 insert layouts. 6 shell 
styles, AN3100 to AN3108. 


AN-E Series . . . environment resisting. Meets Spec- 
ification MIL-C-5015B. Completely sealed from cable 
to cable. Integral cable clamp. New grounding lugs. 
Improved sealing grommet and new grommet fol- 
lower. Resilient inserts. 


K, RK Series... Special Acme thread. Rugged. 8 
basic shell shapes, 8 diameters, and 204 catalogued 
insert layouts. The all-purpose line. 


DP, DPB, DPD, DPD2, DPD2R, DPR, DPA (min- 
iature), and DPM Series... rectangular in shape 
with many insert layouts in DPB and DPD. 


P and O Series, the original microphone series... 
22 shell styles and 7 insert layouts. 





X, XK and XL Series... 23 basic shell styles and 
8 insert layouts for cord-end or wall mounting. 


Sub-Miniature Connectors ... The D and U Series for cord-end, rack- 
and-panel, or wall-mounted applications. The D Series has 3 basic 
shapes, up to 50 contacts. The hermetically-sealed U Series, cyl- 
indrical with 4 basic shell sizes, accommodates up to 12 contacts 
in 12 insert layouts. DH Types used for hermetically-sealed min- 
iature components. 


Hermetically-Sealed Connectors .. . with steel shells and 
contacts to withstand high pressures. Available in 
the GS, KH, DH, and U Series. Insulation is a vitre- 
ous material, fused under high temperature to shell 
and contacts, thus forming a true hermetic seal. 


AN-K and Cannon K Firewall or High Temperature Connectors 
... Offer you the greatest variety of this type of con- 
nector. Cannon made the first firewall connector and 
is still the leader in the field. Wall- or box-mounting 
receptacle. Straight or angle 90* plugs. Crimp-on 
contacts...no solder to melt. Inserts of asbestos- 
filled or glass-filled material. 


Send for a copy of the 
Cannon Plug Guide. 
Be sure to see 
Cannon's informative 
16mm technical film 
“Contact.” 
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MINIATURE SUB-MINIATURE 


SERIES 20 SERIES 


SM-20 


V 


Actuol Size Actual Size 


Contacts: 7, 8, 9, 11, 14, 18, 20, 21, 
26, 34, 50, 75, 104. For #20 AWG wire. 
Current rating: 5 amps. Voltage: 
2100V. RMS. 


Contacts: 7, 11, 14, 20, 26, 34. For 
#20 AWG wire. Current rating: 5 
amps. Voltage: 1900V. RMS. 


HIGH VOLTAGE AN-TYPE 
SERIES 800 


For AN-36 shell. 15 contacts. 
3 high voltage contacts in cen- 
ter are removable. Current rat- 
ings: 10 and 20 Amps. 


1/4 Actuo! Size 


MINIATURE AN SERIES 1300 


One-piece molded inserts. Cur- 
rent rating: 7.5 Amps. Vol- 
tage: 3000V. RMS. 


Vs Actual Size 


POWER 


SPECIAL 
DESIGNS 


SERIES 


%4 Actual 
Size 


Contacts: 12, 18, 24, 34. Spring loaded 


contacts for easy release. Coaxial con- 
tacts and bayonet locks also available. 
Current rating: 10 and 25 Amps. Voltage: 
4700V. RMS. 


Our engineering department will be 
glad to design types to your exact 
specifications. Send us your require- 
ments for analysis. 


PRINTED CIRCUIT 


SERIES PC 


Ys Actual Size 


Solderless wire wrap (double rows of 22 
contacts) or standard type printed circuit 
receptacle (6, 10, 15, 18, 22 contacts). 
Current rating: 10 Amps. Voltage: 
2500V. RMS. 


EASY RELEASE 
SERIES E-Z 


Y Actual 
Size 


Solder cup contacts, taper pin cups 
for solderiess wiring or turret termi- 
nals. Current rating: 10 Amps. Vol- 
tage: 4500V. RMS. 


h precision, dependable 
itinental Connectors have 
hieved a reputation for 
lence throughout the 
raft and electronics 


- industries. The widest range 
- of applications can be 


made from our standard line, 
- For special requirements 
and technical data sheets 
< on these Connectors write 
_ Electronic Sales Division, 
— DeJUR-Amsco Corporation, 
45-01 Northern Blvd., 
" "Long Island City 1, N. Y. 


SERIES HC 


34 Actuol Size 


HERMETIC SEAL 


For high altitude applications. Plug con. 
tacts individually compression sealed in 
glass. Guide pin and guide socket, or 
polarizing screwlock available. Fits 
series 20 receptacles. 


precision 


Hexagonal hermetic plug has solid 
glass insert. For pressurized elec- 
tronic equipment. 4, 5, 7, 9 and 10 
contacts. 


SERIES HC-20 
3/4 Actual Size 
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critical accuracy 
for critical 


sx UAE 


m: NEW 


SERIES 5800 HIGH BEAT 
CHRONOMETRIC GOVERNED MOTOR 


NEW HIGH star WAP. : . . . develops higher torque 
GOVERNED MOTOR 


(Cover Removed) 


When operating conditions require vibra- 


| tion frequencies up to 300 cycles per second 


і Ё А. W. HAYDON CO. . « « » sustained acceleration . . . . roll 


oscillation — the A. W. Haydon High Beat 
Chronometric Motor, Series 5800, will per- 
form with critical accuracy. 


bue 
32 


WITHOUT RADIO FILTER 
This new high beat motor has the compact- 


ness and lightness of weight so necessary 
for aircraft and guided missiles. It has all 
of the superior characteristics of the well- 
known A. W. Haydon 5700 Series —- extreme 
; accuracy, reversibility, size, weight, and is 
STANDARD SHAFT DIMENSION EM available in wide ranges of voltage, tem- 


19^ 
4 == 2 3 


$.001 DIAM. x $ LONG 


— 


SL eee 


c 
€ Design and construction meet basic military The 


SP. 
d AW-HAYDON 
@ Available in speed ranges from 2700 R.P.M, to Q * 


1/40 R.P.M. COMPANY 


@ Instantaneous speed variations are minimized by 221 NORTH ELM STREET 


the higher beat frequencies. WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electro-Mechanical 
Timing Devices 


7 
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MAGNETIC AMPLIFIERS - 


INC 


632 TINTON AVENUE, NEW YORK 55, NW. E A gro 2-6610 


MAGNETIC AMPLIFIERS 
by 


e Push-pull Magnetic Amplifiers 

e Adjustable Magnetic Servo 
Amplifiers 

e Servo Systems with Magnetic 
Amplifiers 

e Miniature Magnetic Amplifiers 

* MA. Relays 

e Saturable Transformers 

e Demodulators 

e Transi-mag* — Transistor 

“Cente that Magnetic Amplifier 


Educational SERVO 
DEMONSTRATOR by 


e Completely 

Self Contained 
e Powered from 115 V 60 CPS 
For: Laboratory Experimentation, Lecture Demonstration, 
Industrial Training of Development Engineers, Field Service 
Personnel, Sales Engineers. 


REGULATED STATIC 
POWER SUPPLIES hy 


e DC and AC 
Output 
e High Current 
Carrying 
Capacity 
e No moving 
Parts 
e Reliable 


FACILITIES FOR— 


Vs to 3 HP PACKAGED VARIABLE 
SPEED DRIVES MIN 


e Fully Automatic 
Stepless Speed Control 
e Close Speed Regulation 


e Rugged, Reliable 
Features Available: Start, Stop, Reverse, Jog, 
Pre-Set Speed, Dynamic Brake. 


DIESEL OR MOTOR — GENERATOR 
OR ALTERNATOR REGULATORS by 


e 30 KVA 400 CPS 3 Phase 4 Wire 

115/200 VOLTS .75 PF Packaged Supply 
or 

e Design for Specific 
Machines 
Features: 

High Accuracy, Fast 

Response, Ruggedness, 

Reliability, No Tubes, € 

Meets Applicable 

Government Specifications. 


TRANSISTOR CURVE TRACER 
by 


e Displays Output or 
Transfer Curve in 
Grounded Base or 
^ Grounded Emitter 
e Dynamically Displays 
Entire Family of Curves Sim- 
taneously on Oscilloscope 
e Measures PNP or NPN œ Internally Generated Cali- 
Junction Transistors and P bration Axes Displayed at all 
or N Type Point Contact Times in any One of Four 
Transistors Quadrants 


RESEARCH, DEVELOPMENT, DESIGN, MANUFACTURE 


7 OF SERVOMECHANISMS, MAGNETIC DEVICES, and INDUSTRIAL CONTROLS 
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at the 
extra features 
that assure 


dependability 


Mercury Relays! 


Find out how 
ADLAKE 
Mercury Relays 


can save money 


in your business! 








Î Adlake 


"MIGHTY MIDGET” HERMETICALLY SEALED 


with the revolutionary 
MOLDED coil! SILENT and CHATTERLESS 


You expect the very latest from the company that originated REQUIRES NO MAINTENANCE 


the mercury plunger-type relays—and here is the very latest! 
It’s the Adlake No. 1140, with molded coil in epoxy resin. 
That neat red coil is exclusive with Adlake, and gives these 
advantages: 


e Better heat radiation ABSOLUTELY SAFE 


€ Absolutely moisture proof 
e Tested by 4 to 5 million operations at maximum capacity 


€ Guaranteed against coil failure 


MERCURY-TO-MERCURY 


This new molded coil *' Mighty Midget" is the newest reason why 


it'll pay you to use Adlake mercury relays 


DE-ENERGIZED ENERGIZED 


Plunger P is floating in mercury M Coil € pulls plunger P down into mercury M. Mercury 
External circuit is open because thus displaced completely covers ceramic cup CC filled 
main body of mercury M is below with mercury This establishes mercury-to-mercury 
lip of ceramic cup CC contact between electrodes E and EE 
This phantom view and operational sketches show the 
simple, dependable operating principle of the Adlake 
Mighty Midget” Relay 
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1101 MODEL 


Arrangement: 
Normally open or normally closed 
Fixed time delays: to 20 minutes 
Contact rating: Time delay relays to 15 amps. 


Load relays to 50 amps. 
Non-inductive, 115 v. 60 cy. 


Coil Volta ges: Up to 440 volts A. C. (25-50-60 cy.) 


9000 MODEL 


Contact Arrangement: Normally open or normally closed 
Contact rating: 5 amps., nen-inductive, 115 v., 60 cy. 
Coil Voltage: Up to and including 230 v., 60 cy. 

Сой input: .007 amp. (less than 1 watt) at 115 v., 60 cy. 


Maximum size- Height 334;"; width 514"; projection, 234". 


1200 MODEL | 1133 MODEL 


Contact Arrangement: Normally open or Contact Arrangement: 
normally cissed Normally open or normally closed 
Fixed time delays: to 20 minutes Three pole—Single throw 
Contact rating: Time delay relays to 15 amps. uisi — 


Load relays to 50 
Non-inductive, 115 v "@ cy. 


Coil Voltages: To 130 v. D. اوو س سی ر‎ 
can be used in series with coil for higher 


operating voltages.) 


Coil Voltages: up to 440 volts, 
50/60 cycles, or 220 v., D. C. 


The Adams & Westlake Company's Engineering De- 
partment is completely equipped to serve your spe- 
cial needs. ADLAKE service includes developing and 
building control systems, custom-built terminal 
boxes, junction boxes, and similar special assemblies. 


Whatever your particular relay problem may be, 
please feel free to present it to us. 


TRADE MARK 


BAD IPTC BR 


Established 1857 » ELKHART INDIANA e New York «© Chicago 


Manufacturers of ADLAKE Hermetically Sealed Mercury Relays 





AL electronic 
Sy components 
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ЛГ Г ШҮ Г 


New REAC 
400 Series 


REAC analog computers 


Building-block 
construction = ps Å 
Ee EE This "400" is the newest model of the famous REAC (Reeves Electronic 
aon of Analog Computer). The new modular construction allows assembly 
л of exactly the computer necessary to do a particular job or expand 
Servos an existing installation. Problem check, a new Reeves development, 
—* permits verification of problem solutions before problem is run. New 
Sunplified high speed servos and improved components facilitate high speed real 


operation and i i 
Mas E time operation. 


20 IG Integrating Gyro 
Extremely low drift 


rate, high sensitivity precision GYROS 


». de 


20 R.G. Rate Gyro 


Small size. Fully 
floated construction. 


precision RESOLVERS 


The highest precision resolvers commercially available. Small 
size makes them ideal for use as computing element in 
military and precision industrial electronic systems. Special 
wide band units are available for irregular wave shapes hav- 
ing rise times as low as one micro second. Units are built 
directly to required accuracy without selection or culling. 


MAGNETIC CLUTCHES 


High quality magnetic clutches for all control applications. 
Single and double-ended models, as well as combination 
that provides effective SPDT action. Standard and Miniature 
models, with or without crown tooth construction. Quick 
acting, high torque. 


SERVO mechanical parts 


Shaft hangers, shafts, precision gears, differentials, coup- 
lings, terminal blocks, limit stops, dial assemblies, etc. Easy 
mounting on convenient slotted plate. Changes easily made, 
parts re-usable. Tremendous time-saver in prototype work 
on servo and instrumentation systems. 


Reeves Sub-contract Service: Our facilities are available 

to you for help on computing systems, gun fire control, and REEVES INSTRUMENT CORPORATION 
precision electronic systems of any kind. For complete infor- A Subsidiary of Dynamics Corporation of America 

mation.contact Reeves Sub-contract Department. 23 1 East 91st St, New York 28, N.Y. 2Rv55 
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Do you have 
hounce “pola 7 


Every design engineer or production man 
we ever met makes mental notes of good places to get 
quick aid on needs out of the ordinary. 


You might like to know, therefore, that a great 

deal of the work we do here at Wheeler on transformers, 
coils, harnesses, custom-built electronic assemblies, 

and communications components is just 

that kind of assignment. 


We publish no catalog of the everyday standard 
items . . . they present no problem to anyone. 

We do serve an increasing group of engineering and 
production departments that require competent help 
. . . backed by ample manufacturing facilities . . . 

in producing components that are “a little (or a lot) 
different." Call or write us for an interesting story. 


TRANSFORMERS + COILS + AMPLIFIERS 
CUSTOM ELECTRONIC AND WIRING ASSEMBLIES 
COMMUNICATIONS EQUIPMENT + MAGNET WIRE 


staff of engineers. If you are available 
and qualify in this field, call us now. 


= WHEELER 


INSULATED WIRE OOMPANY, INC. 
Division of Soerry Rand Corporation 
112] EAST AURORA STREET 


WATERBURY 20, CONNECTICUT 





Catalogs 


and 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on coupon 
at end of this section 


(U-1) REsisSTORS—Bulletin B-9, 2 
pp, has data on characteristics, appli- 
cations, tolerance, wattage rating, 
terminations, dimensions, insulation. 
International Resistance Co., 401 N. 
Broad St., Philadelphia 8, Pa. 


(U-2) CooLiNG DEVvICES— Brochure, 
8 pp, describes line of cooling devices 
for electronics industry. Rotron Mfg. 
Co., Woodstock, N. Y. 


(U-3) TRANSISTORS— Data Sheets, 16 
pp, describe line of alloy junction tran- 
sistors. Transitron Electric Corp., Mel- 
rose 76, Mass. 


(U-4) RESsisTORS—Bulletin SR-3, 6 
pp, contains data on applications, char- 
acteristics, current ratings, enclosures, 
terminations. International Resistance 
Co., 401 N. Broad St., Philadelphia 


8, Pennsylvania. 


(U-5) PRINTED CIRCUITRY—Booklet, 
8 pp, describes application, uses and 
advantages of printed circuits in vari- 
ous electrical products and equipment, 
as well as technical information to aid 
in design or planning of printed cir- 
cuitry. Cornell-Dubilier Electric Corp., 
S. Plainfield, N. J. 


(U-6) RELAYs—Bulletin, 2 pp, de- 
scribes line of auxiliary relays made 
by Allgemeine Elektricitaets-Gesell- 
schaft. Donald C. Seibert, Box 281, 
Wilmington, Del. 


(U-7) GERMANIUM DiopEs—Bulle- 
tin GD-2, 4 pp, describes germanium 
point contact diode line. An inter- 
changeability and replacement chart is 
also included. International Rectifier 
Corporation, 1521 East Grand Avenue, 
El Segundo, California. 
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l TYPE S$ Adjustable. Positive-acting 
with electrically independent bimetal 
Adjusting stem and terminals to customer 
specification. See Bulletin F-2006 


TYPE S Non-Adjustable. Electrically 


ook to Stemco Thermostats first — Em 


28 volts DC, 10 amps at 230 volts AC 
See Bulletin F-2006 


for precise, sensitive temperature control КЕРӘ 


Adjusting stem and terminals to customer 
order. See Bulletin L-6397 


If your product requires precise, sensitive temperature control... TYPE SA Non-Adijustable. Is electrically 


if it’s scheduled for volume production—look to Stemco thermostats first. — 1o vh ee Se 
— Non-inductive-load rating 15 amps 


Since Stevens produces the broadest range of bimetal thermostats at 115 volts AC and 28 volts DC, 10 amps 
К at 230 volts AC. See Bulletin 1-6397 
in the industry, chances are you can use a standard production-line 
TYPE SM Manval Reset. Mechanically and 


unit to satisfy all your special requirements exactly. This saves design, КАШУ some as édlvtable ond 
development and tooling expense... cuts down on lead time... non-adjustable Type SA except for 


manual reset feature. See Bulletin L-6397 
gives you a better, proven thermostat at lower cost — sooner. 

Fa ee Tene ME Y os dea oi EA TYPE W. Adjustable (shown) or 
non-adjustable types. Snap action 
prevents arcing. Operation to 350°F 
Rated at 12 amps at 115 volts AC and 
28 volts DC, 8 amps at 230 volts AC 
See Bulletin L-6395. 


TYPE A Semi-Enclosed. Insulated 
electrically independent bimetol 
gives fast response and quick 
snap-action control. Operation from 
to 400°F. Various mountings and 
terminals. See Bulletin L-9070 


В TYPE A' Hermetically Sealed 
Electrically identical to sem 
enclosed Type A. Rated at 8 amps 
at 115 volts AC, 4 amps at 
230 volts AC, and 10 amps о? 

28 volts DC. For appliance 
electronic, apparatus 
applications. See Bulletin L-9070 


TYPE C gemi-Enclosed. Sma 
positive-acting. Electrically 
independent bimetal strip for 
operation from: -75° to 300°F 
Terminals and mountings to 
customer specifications 

See Bulletin L-6934 


10 TYPE C Hermetically Sealed. Electric 
identical to semi-enclosed Type C 
but seoled in crystal con. Also supplied 
as double thermostat ‘alarm’ type 
Rated from 2 to 5 amps, depending 
on opplication. See Bulletin L-6934 


11 TYPE R. Sealed, non-adiustable (show 
or adjustable styles Positive acting 
for operation to 650°F. Rated at 
15 amps at 115 volts AC and 28 volts DC 
10 amps at 230 volts AC 
See Builetin F-2003 


12 TYPE M Semi-Enclosed. Compact unit 
with electrically independent bimetal 
disc for appliance and electronic 
applications from -60* to 400^ F. Virtually 
any type terminal. See Bulletin F-2009 


STEVENS manufacturing company, inc. 1 
Lexington and Mansfield, Ohio | THE RMOSTATS same os semi-enclosed Type M. Roting 


8 amps at 115 volts AC, 4 amps ot 
230 volts AC. Calibrating limits 
Regulor +5°F, special +3°F 

See Bulletin F-2009 


3 TYPE M Hermetically Sealed. Electrically 





ruggedized 
meters 


The original, glass-to-metal hermetically 
sealed ruggedized meter. Performs 
under extreme shock, vibration, 
mechanical stress and strain. Standard 
JAN 1%”, 24%", and 3%” sizes. ua, ma, 
amp, mv, volt, kv, AC rectifier types for 
voltage, decibel and VU measurement, 
manufactured to MIL-M-10304. 

Standard ranges from stock. Twelve 
page booklet on request. 
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ELECTRICAL INDICATING INSTRUMENTS 


s: " 
regular" meters 


Dependable, accurate, moderately 
priced. Ten case forms, from 242” 
round and square to 8!2" x 7”, 
Phenolic and metal cases. Shielded 
types available. All Alnico 
construction, reliable high torque 
performance. 


Model 52N 
(Series 52) 22” 


Model 53SN 
(Series 53) 3" 


MEDALIST 


Model 55 
meters 


434" x 44"—100? scole 


Model 57—82” x 7” 
Accurate within 1% 


eleeeeeeeeeeeeoeeeeeeeeeeeeeeeee ee eeeeeeeeeeeeeeeeee eee © 


Greater readability and modern 
styling in minimum space. In- 
terchangeable with standard 
ASA/JAN 2%” and 32” sizes. 
Up to 50% longer scale in same 
space as ordinary type. One- 
piece plexiglass construction in 


various colors. *Trade Mark 
Patents Pending 


hermetically sealed meters 

For applications involving severe climatic and 
atmospheric conditions. Dustproof, moisture-proof, 
unaffected by heat, cold and humidity. 
Magnetically shielded. High torque-weight ratio, 
exceptional linearity, sustained accuracy and 
long life. Dimensionally interchangeable with 
standard JAN 242”, 342” and 412” types. 


RELATED PRODUCTS 


Versatile 
MULTI-RANGE 
METER TESTER 


Power Supply and Limit Bridge 


Sealed ELAPSED TIME indicators 
for maintenance programming, 
productivity and utilization studies. 
Compact, low cost, tamper-proof. 
Standard ASA-MIL dimensions, 
242” and 3%” sizes. Easy to 
read standard size counter 
registers 1/10 hour steps to 
9999.9 or hour steps to 99999. 
Hermetically sealed. Shielded. 
Starts, operates continuously from 
55" C. to 7-85" C. For 110-125 
or 220-250 volt 50 or 60 cycle A.C. 


Precise, versatile, self- 

contained unit for laborator 
and production use. For De 
instrument calibration from 
25 ua full scale to 10 ma 
full scale, and 0-100 V DC; 
sensitivity and resistance measure- 
ment; DC current-voltage source; limit or Wheat- 
stone bridge measurements from 0-5000 ohms, 
Regulated power supply. Stepless vacuum tube 
voltage control. Accuracy exceeds 14% (current), 
15 ohm or 1/296 (resistance). For 115 V, 60 cycle AC, 

Complete — needs no accessories. 


НМ2ЕТ (2'4") 
Weight 1.5 oz. 


ULTRA-SENSITIVE 
Relay 


8 9 » *$ 9» 9 9 9 9 9 9 9 9? 9 9 9 9 9 9 9 9 9» 9 * 9 9 9 9 9 9 * 9 * * * 9|] "5*9 9* оо өөө ө ө ө ө ө ө ө ө ө ө ө ө ө ө ө ө 
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Ruggedized 
NULL INDICATORS 


Ruggedized. Hermetically sealed, 
Used primarily as bridge and 
potentiometer balance indicators 
and where an instrument with 
very high sensitivity about the 
zero or balance point is desired. 
Sensitivity at this point is 1 ua 
per mm. or higher; the meter's 
shaded pole face and shielded 
core construction give sharply 
logarithmic attenuation as it de- 
parts from null point and pro- 
vides ample overload protection. 


A, 


— 
gm, 
LU 


PMI 

Portable Bench-Type 
INDUCTION 
SOLDERING UNIT 


Simplifies, improves 
and speeds up 
component 
production. Provides 


local heat to otherwise inaccessible 


spots. Safe and simple. Max. power input 775 
watts, 100 watts standby; 115 volts, 60 cycles. 
Measures 1534" x 2115" x 15", weighs 150 Ibs. 


es © 
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GRENIER FIELD, New Hampshire's NEW Air-Industry Area 


M. 


The Marion Ultra-Sensi- 
tive Relay is a rugged and 
reliable unit utilizing the 
Marion Coaxial moving 
coil mechanism. Hermeti- 
cally sealed, mounted on 
a standard 7 pin tube 
base, it has the charac- 
teristic advantages of 
the Coaxial Mechanism: 
performance and dura- 
bility exceeding that of 
much larger and heavier 
moving coil mechanisms. 
Engineering data for your 
application on request. 


MANCHESTER. N.H., U.S.A. J J TN N 
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NEON INDICATOR LIGHTS 


LOWEST COST COMPLETE ASSEMBLY ON THE 
MARKET 


CAN BE SUPPLIED WITH WIRE LEADS OR QUICK 
DISCONNECT 


NO TRANSFORMERS, NO SERIES HOOK-UPS NECES- 
SARY 


NO GLARE, ONLY A SOFT, STEADY GLOW 
SMALLEST COMPLETE ASSEMBLY AVAILABLE 


SPECIAL STYLING TO YOUR SPECS. ON VOLUME 
ORDERS 


WIDE RANGE OF LENS COLORS AND CONFIGU- 
RATIONS 


LONG, TROUBLE-FREE OPERATING LIFE 


Write, wire or phone your nearest Ucinite or 
United-Carr representative for further details 


THE UCINITE COMPANY 


Division of United-Carr Fastener Corporation 
Newtonville 60, Mass. 
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3 NEW PRODUCTS 


For special Applications 


For current limiting and for obtaining lagging power 
factors without wave distortion specify — 


NWL Air Core Reactors 


Capacity of % to 2000 Amperes 
and 25 to 400 cycles. 


For the lowest possible capacitance and non-reson- 
ating peaks specify — 


NWL Radio Frequency (R. F.) Chokes 


Available in sizes of 1 ampere and 
larger. In illustration at left terminal 
is not shown. 


For reduced internal capacitance and better 
coupling specify — 


NWL Audio Transformers 


Transformer shown at left has a range 
of 5 to 2000 cycles, a capacity of 3.6 
KW at 60 cycles, and high voltage 
windings. Illustration shows sandwich- 
ing of the high voltage coils between 
secondary windings. Available from 2 
to 15 KW and up to 10 KV in dry type 
transformer. 


For over 30 years NWL has de- constant expansion to serve new 
signed and manufactured custom applications. 

transformers for every application. We are proud to have built our busi- 
The three new transformers shown ness by manufacturing one product 
here are another example of our — reliable custom transformers. 


Write for complete information 


WINDING LABORATORIES, INC. 


P. O. Box 455, Dept. 130 TRENTON, N. J. 
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PATENT PENDING 
ALL RIGHTS RESERVED 


AVAILABLE IN A 

WIDE RANGE OF 
STANDARD TYPES TO 
ECONOMICALLY MEET 
SPECIAL REQUIREMENTS! 


Economical E-I standardized 
hermetically-sealed ter- 
minals and miniature clo- 
sures are available to meet 
almost any electronic appli- 
cation. Samples and recom- 
mendations on your particu- 
lar needs will be supplied 
promptly on receipt of your 
data. Call or write for com- 
plete E-I catalogs, today! 


hermetically-sealed 


J| terminations and 


* miniature closures 


B 
Р 
К 


€ MULTIP 
ing cushioned glass construction. 
tin dipped for easy soldering. 


€ SEALED TERM 


shock resistance and feature cushioned g 
preferred types and special designs. 


€ OCTAL HEADERS — 8 
new principle of hermetic sealing. Solid me 
mechanical strength. 


€ E-I END SEALS — Complete 


hermetic seal. For condensers, resistors and other t 
in many standard types. 


© COMPRESSION TYPE HEADERS 


destructible and absolutely rigid. Exclusive E-| process affó 
shock and vibration. 


@ LUG-TYPE, LEAD-THRU INSULATORS = Comp 
super rugged. For applications requiring voltage ratings from 20009 
transformers, "bath-tub" condensers, etc. 


9 MINIATURE CLOSURES — For transistors and other components - 
requiring hermetic sealing. Square, rectangular and round cases. Supplied in E-I standard 
types or custom designs to specifications. 

® COLOR-CODED TERMINALS — Featuring glass inserts with per- 


manent coloring in the glass. All types offered in standard, easily-identified RMA color 
codes. 


MER AVENUE, NEWARK 4, 


2 


RESISTORS 


Know your 
three R's 
control 
components 


Y LONG, TROUBLE-FREE 
magnetic relays, Write for data-packed Relay Catalog. That’s resistors, relays and rheostats 
| — т we're talking about — and a man look- 
RHEOSTATS i ; " : 
н ing for these devices earns his A when 
he shops at Ward Leonard. 

You get more performance per dol- 
lar . .. a wider selection of stock items 

. . and quicker service on made-to- 
order controls from Ward Leonard 
than from anyone else. 

Take a look at our basic three R's 
here. Then find out how well one of 
our components can meet your prod- 
uct's requirements by writing us. Ward 
Leonard Electric Co., g9 South St., 
Mount Vernon, N.Y. 4.38 


VITROHM RING RHEOSTATS in 25 to 300 watt sizes are designed for smooth, 


gradual resistance change. Send for Bulletins 1105-16. 


RESISTORS i RELAYS DIMMERS CHROMASTER 


ELECTRIC COMPANY mons 
MOUNT VERNON, NEW YORK B oevc- E nouem Cono Since 1892 


x WARD LEONARD 
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the one source for 


| that offers engineers : 
complete design flexibility 


ASCO designed and manufactured electromagnetic 
controls provide completely automatic control systems for 
all industry — marine, communications, power, lighting, 
heating and machinery. Since 1886, Automatic Switch 
Company has pioneered in new developments that meet 
the advancing needs of modern industry. All are part of 
a continuous program to provide the engineer with com- 
plete design flexibility. 

To learn more about ASCO equipment: See Section 
H for ASCO Electromagnetic Controls for standby emer- 
gency power installations. See Section J for information 
on the extensive line of ASCO Solenoid Valves. 


Y, ?A^ANIEIC 
CONTROL PANEI 


{СУЛАП КҮ 
LUMP LEI 


CONTACTORS 


re a 


1035 AC, 
Normally Open 


1045 AC-DC, 


Contactors for 
Double Throw 


911-1878, AC-DC, 


1044 AC-DC, 
Feeder Switches 


Normally Closed 


1025-1315 DC, 
Field Discharge 
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10451 


10454 
Stroke up to 34” Stroke up to 15$" 


106514 
High Pull Fuel throttle control. 
Stroke up to 1" Stroke up to 134" 


10654 
Stroke up to 1” 


SPECIAL PURPOSE RELAYS 


Еа 


Reverse Current Brake Motor Time Delay 


® „> 


il-less Electronic 
MAGNETICALLY HELD RELAYS 


Close Differential 


1054 AC— 
1 to 3 Poles, 


25 Amp. 
MECHANICALLY HELD RELAYS 


1256-168S—AC 1255—AC-DC 1255-166S—AC 
2to12 Poles, 10 Amp. — 1to5Poles, 25 Amp. | to 6 Poles, 25 Amp. 


WRITE US FOR MORE DETAILED INFORMATION ON ASCO 
ELECTROMAGNETIC CONTROL EQUIPMENT 


1058 DC—2 to. 12 Poles, 10 Amp. 


= Е 
nduC SWHEN UO 





The Finest 
ELECTRICAL 
CONNECTOR 


MONEY CAN 
BUY! 


A | 
SCINFLEX assumes 


LOW MAINTENANCE BECAUSE 
IT PERMITS SIMPLICITY 


When operating conditions demand an electrical 
connector that will stand up under the most rugged 
requirements, always choose Bendix Scinflex Elec- 
trical Connectors. The insert material, an exclusive 
Bendix development, is one of our contributions to 
the electrical connector industry. The dielectric 
strength remains well above requirements within 
the temperature range of —67°F to +275°F. It makes 
possible a design increasing resistance to flashover 
and creepage. It withstands maximum conditions 
of current and voltage without breakdown. But 
that is only part of the story. It’s also the reason 
why they are vibration-proof and moisture-proof. 
So, naturally, it pays to specify Bendix Scinflex 
Connectors and get this extra protection. Our sales 
department will be glad to furnish complete infor- 
mation on request. 


* Moisture-Proof e Radio Quiet e Single Piece Inserts * Vibration-Proof e 
Light Weight e High Insulation Resistance e High Resistance to Fuels 
and Oils ə Fungus Resistant e Easy Assembly and Disassembly e 
Fewer Parts than any other Connector e No additional solder required. 


BENDIX SCINFLEX 


ELECTRICAL CONNECTORS 
Ta 


SCINTILLA DIVISION of 


SIDNEY, NEW YORK AVIATION CORPORATION 
Export Sales: Bendix International Division, 205 E. 42nd Street, New York 17, N. Y. 


OHMITE 
AMRECON' 


RELAYS 


High quality, general purpose 
relays featuring compactness, 
dependability and long life! 


MODEL DO MODEL DOS 


Ideal for mobile equipment | 
and aircraft. Contact Rat- | 
ing: 10 amp at 115 VAC or | 
32 VDC noninductive load. | 


MODEL TKL 


Miniature of long telephone 
type relay. Contact Rating: 
l amp at 115 VAC or 32 
VDC noninductive. 


MODEL TG 


Use where fine adjustment 
is needed. Contact Rating: 


1 amp at 115 VAC or 32 | 
VDC noninductive. | 


Meets rigorous aircraft 
standards. Contact Rating: 
15 amp at 115 VAC or 32 
VDC noninductive load. 


MODEL DOSY 


Twin coils provide extra 
sensitivity. Contact Rating: 
15 amp at 115 VAC or 32 
VDC noninductive load. 


AVAILABLE 
FROM STOCK 


Write for 
Catalog 
R-10 


ORJAUTEÉ 


FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. e Stephenson 
Bidg., 6560 Cass Ave., Detroit 2, Michigan * 512 West Ave., Jenkintown, Pa. * 
Brouwer Bidg., 176 W. Wisconsin Avenue, Milwaukee, Wisconsin * American Build- 
inc, 4 South Moin St., Dayton 2, Ohio * 8401 Cedar Springs Road, Dallas 19, Texas 


MANUFACTURING COMPANY 
3641 Howard St., Skokie, Ill. 
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b E Eag S OR SERIES 
LATION @ 
CIRCUITS 


insure closer tolerances, absolute uniformity, 
and the ultimate in miniaturization 


Electro Tec units are the product of an exclusive manufacturing 
technique that results in accuracy unattainable by conventional 
fabricating methods. In this process a plastic is moulded around 
the wire leads. Accurate machining reduces this blank to the 
proper shape, complete with grooves. Hard silver is deposited into 
the grooves by electroplating to produce the required rings. Final 
machining insures concentricity and dimensional accuracy. The 
result is one-piece, unitized construction with conducting rings of 
70 to 95 Brinell hardness. 

Diameters of these assemblies range from .045" to 24" cylindrical 
or flat. Cross-sections may range from .005" to .060” or more. 
Rings are polished to a jewel-like finish and can be held to 4 
micro-inches or better. Even the smallest sizes withstand a 1000 
V.A.C. breakdown test. Most types easily withstand rotational 
speeds up to 12000 rpm. 


ELECTRO TEC Assemblies are Specified by the Nation's 
Leading Precision Instrument and Equipment Manufacturers for Proven 
Greater Dependability, Longer Life, Smoother Functioning. 

The uniformly superior performance of Electro Tec slip ring and 
commutator assemblies in thousands of industrial and govern- 
mental applications has resulted in wide adoption of these com- 
ponent units by most leading manufacturers of precision instru- 
ments and equipment. Although these products provide improved 
performance and extra dependability, prices are strictly com- 
petitive. Write today for fully illustrated literature. 


ELECTRO TEC (Y CORPORATION 


$O. HACKENSACK NEW JERSEY 
PRODUCTS OF PRECISION CRAFTSMANSHIP BY A NEW AND REVOLUTIONARY PROCESS 
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13 RINGS 
CONCENTRICITY 
.003” 


SILVER ON 
ONE PIECE 
NYLON FORM 


RINGS 
ANCHORED 
IN DOVETAIL 


8 FLAT 
RINGS 
WITHIN 

5” RADIUS 


exctusive” ELECTRO TEC TECHNIQUES ~ + ove nec cos 


* ABSOLUTE MINIMUM TORQUE 
FRICTION 


* DIAMETERS FROM .045" TO 
24.0" 


* MINIMUM 1000 V.A.C. HI- 
POT INTER-CIRCUIT 


* UNIFORMLY HARD SILVER 
RINGS PLATED INTO GROOVES 
ON PRECISION MACHINED 
ONE PIECE PLASTIC FORM 


* SPECIAL SURFACE DEPOSITS 
PREVENT TARNISH, MINIMIZE 
FRICTION, BRUSH NOISE AND 
PRACTICALLY ELIMINATE WEAR 


*PAT. NO. 2,696,570 





TROMBETTA SOLENOID CORP. 


331 NORTH MILWAUKEE STREET 


SOLENOID SHOE BRAKES 


SINGLE SOLENOID OR DOUBLE SOLENOID OPERATED 


@ 


SBM-362 BRAKI SB-37 -Х am SB-388 BRAKE 
45 FT.-LBS 450 2400 FT.-LBS. 
MAGNETICALLY SET SING LE 7 ENOID DOUBLE SOLENOID 


B-122 DISK BRAKF SB-362 BRAKE 
85 FT.-LB. TORQUE EXPLOSION PROOF 


SB-300 LINE OF SOLENOID BRAKES 


SPRING SET MAGNETIC RELEASE OR MAGNETICALLY SET SPRING RELEASE. 
FOR OPERATION: On alternating current at any voltage Wheel diameter ranges from 214” to 72". Wheel face 
and at frequencies from 1624 to 6724 cycles per second. from 114” to 14”. 
On direct current shunt connections at any voltage to 
750 volts. Series connections at any voltage to 750 volts 
and any current. 


Torque capacity: 3 ft.-lbs. to 24,000 ft.-Ibs. continuous 
duty; 5 to 32,500 ft.-Ibs. !5 hour duty. 
SEND FOR BULLETINS EE-180, EE-183, EE-184 


STANDARD SOLENOIDS 
46 STANDARD LINES, 608 SIZES 


POITE ON 


F- - SOLENOID A-128 SOLENOID AL-828 SOLENOID FX-324 SOLENOID AS-427 SOLENOID G-611-H SOLENOID NATIONAL ACME 
300 LINE A-100 LINE AL-800 LINE FX-300 LINE AS-400 LINE G-600 LINE REPLACEMENT LINE 


A COMPLETE LIST OF SOLENOIDS 
PLAIN SOLENOIDS DIRECT CURRENT OPERATORS 
F-300, 30 sizes; G-200, 14 sizes; A-200, 15 sizes; NA-700, RD2-100, 7 sizes; RD3-100, 7 sizes. 
38 sizes; G-600, 6 sizes; A-100, 14 sizes; AL-800, 18 sizes; à E i 
AS-400, 14 sizes: E-500, 30 sizes; FW-300, 30 sizes: EXPLOSION PROOF OPERATORS 


NA-726 SOLENOID 


EW-500, 30 sizes. 

DOUBLE PLUNGER SOLENOIDS 
AD-300, 15 sizes; AD-400, 7 sizes; AD-800, 9 sizes. 

EXPLOSION PROOF SOLENOIDS 
FX-300, 15 sizes; FX-800, 9 sizes; FX-400, 7 sizes. 

OIL IMMERSED SOLENOIDS 
FZ-300, 15 sizes; FZ-800, 9 sizes; FZ-400, 7 sizes. 
PURE DIRECT CURRENT SOLENOIDS 
A-100, 14 sizes from 2 lbs. to 100 Ibs. at 85% voltage. 
SOLENOID OPERATORS 

RD2-300, 15 sizes; RD2-800, 9 sizes; RD2-400, 7 sizes; 
RD3-300, 15 sizes; RD3-800, 9 sizes; RD3-400, 7 sizes. 


IN 1924 MR. 


{72 


RD2X-300, 15 sizes; RD2X-800, 9 sizes; RD2X-400, 7 
sizes; RD3X-300, 15 sizes; RD3X-800, 9 sizes; and 
RD3X-400, 7 sizes. 
OIL IMMERSED OPERATORS 

RD2Z-300, 15 sizes; RD3Z-800, 9 sizes; RD2Z-400, 7 
sizes; RD3Z-300, 15 sizes; RD3Z-800, 9 sizes; and 
RD3Z-400, 7 sizes. 

EXPLOSION PROOF DOUBLE PLUNGER SOLENOIDS 
ADX-300, 15 sizes; ADX-800, 9 sizes; AD X-400, 7 sizes. 


OIL IMMERSED DOUBLE PLUNGER SOLENOIDS 
ADZ-300, 15 sizes; ADZ-800, 9 sizes; ADZ-400, 7 sizes. 


TROMBETTA GAVE THE WORLD THE COMMERCIAL SOLENOID 
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What this boy can tell you 


about your own child’s future 


Product Engineering — Mid-October, 1955 


A marketable 
ability is 
the only 


true security 


Even at his age, this boy knows that the only true 
security a man can have is a marketable ability 
knowledge and training that industry wants, 
needs and is ready to buy. 

For that reason, he is studying mathematics 
and the physical sciences in high school to 
equip himself for college engineering and enter 
business with a special skill. These studies are 
every high school student’s open door to the 
great opportunities engineering and science 
offers youth today. 

Next June, 23,000 engineering graduates will 
enter their profession where starting salaries 
are high. Some of them will process and 
package foods, some will design airplanes, some 
will set out in search of oil or go into manu- 
facturing or invent new machines. They will 
lay out stores and factories, build new roads, 
plan whole towns. Many of them will become 
technically-trained salesmen. 

All of them will be doing useful work, all will 
have a good chance for steady employment and 
advancement. Many will enter their own busi- 
ness. Their specialized, professional training will 
be needed for years to come to meet this genera- 
tion’s tremendous shortage of trained engineer- 
ing personnel. 

Don’t foreclose on your child's future. See 
that he takes the high school courses that will 
qualify him to study engineering if he cares to 
when he reaches college age. For information, 
see your high school math or science teacher, 
guidance counsellor, the personnel department at 
your place of business, a prominent engineer in 
your community, or write to the Engineering 
Manpower Commission, 29 West 39 Street, 
New York 18, New York, for the free booklet, 
“Engineering As A Career.” 





МУ М C A BLAKE 


е Power Supply, Communications, and Electronic Applications 


Advanced Design, Highest Quality, Dependable, Long Lasting 


MICROPHONE CABLE 


Super Flexible Type with semi-conducting textile shield and neoprene 
jacket. Conductors are cadmium copper for improved flex life and 
rubber. This cord has 


extra long service life. Noisy circuits caused by intermittent opens 


are insulated with high-dielectric strength 


with movement of the cable cre non-existent in this new development. 
Copper Shielded Type with tinned soft copper conductors, high 


quality rubber insulation, oil resistant neoprene jackets also available. 


= — 


SPEECH INPUT AND SOUND 
SYSTEM CABLES 


Semi-Rigid, 


insulation 


These wires have excellent 
high humidity 


conditions. Semi-rigid Plastite® insulation is tough abrasion resistant 


Polyvinyl Chloride Types. 


resistance and electrical stability under 


and flame resistant. Types with solid or stranded conductors with 


bare or tinned copper shield are available. Also, with cotton braid 


yr Plastite jacket overall. Also Enamel-Textile Types are available. 


— = 


SIGNAL WIRES 


Bare soft copper conductors insulated with high dielectric strength 
polyvinyl chloride insulation. Underwriters’ Laboratories approved for 


fire and burglar alarm system internal wiring. 


ATLANTA, GEORGIA 
CHICAGO 12, ILL. 


SALES 
OFFICES 


JEFFERSON CITY, MO. 


LOS ALTOS, CAL. Box 1362 Tel.: 


RALEIGH, N. C. 


WELL BUILT WIRES SINCE 1899 


^ 
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1447 Peachtree St., N 
3145 Carroll Ave. 
CLEVELAND 16, OHIO 19115 Detroit Road Tel. 


DALLAS 6, TEXAS 4350 М. Central Expressway Tel.: 
1008 Fairmount Ct. 


HITNEY BLAKE CO. 


INTERCOMMUNICATIONS CABLES 


TELECABLE® Multiconductor Paired Inside Wiring Cable. Furnished 
in #24 AWG in 6, 11, 12, 16, 21, 26, 32, 51 and 76 pairs, 
in #22 AWG in 6, 11, 12, 16, 26, 32 and 51 pairs. These cables 
have semi-rigid Plastite insulation and brown or ivory Plastite jacket. 
They are light weight, easy to install, have excellent insulation resist- 


and 


ence and are unaffected by humidity. Semi-rigid polyvinyl chloride 
insulation does not tend to cold flow even when the cable is bent 
sharply as it often is when placed in conduit. 


FLEXIBLE CORDS 


Underwriters’ Laboratories Approved Flexible Cords for power suppry. 
Rubber jacketed types and DYNAPRENE neoprene jacketed types. 
For use on original equipment and in factories, garages and other 
locations where cord is subjected to hard usage. 


Tel.: Emerson 2683 
Van Buren 6-0020 TWX: CG 1708 
: Edison 1-7737 
Union 2212 
5-3511 


Tel.: 


Tel.: 


Whitecliff 8-2122 
LOS ANGELES 49, CAL. 12243 Shetland Lane Tel 


PHILADELPHIA 10, PA. 1541 Land Title Bldg. 
2713 Lockmore Drive 


.: Granite 9-0701 
100 South Broad St. 
2-4778 


Tel. Rittenhouse 6-4067 
Tel.: 


107 PERSHING STREET 


HAMDEN, CONNECTICUT 
Telephone: New Haven CHestnut 8-5515 TWX NH84 
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AVAILABLE! 


NEW 


STANDARD 
SIZES OF 
HUDSON 


PRECISION Y% 


CLOSURES 


+ 


Offering designers 
and production en- 
gineers the econ- 
omy of HUDSON 
standardized »pro- 
duction of cases 
and covers made fo 
precision require- 
ments. Solve your 
closure problems al 
lower cost with the 
most complete 


standard line in 
Ihe industry! 


+ 


CALL 
OR WRITE 
FOR NEW 

DATA 

SHEETS, 
TODAY! 


+ 


Precision Components of /7 N 
Steel, Aluminum, Copper, (0) 
Brass, Mu Metal / 


as THREE. COMPLETE SERVICES!: 


Hudson Standard Metal Closures Zu y 


Over 1000 economical-standard types mean HUDSON can 
supply precision components at commercial prices. A wide 


variety of optional features make it.possible to solve ` 


all but the most unusual closure requirements with 
standard types selected from. HUDSON stocks. 


Hudson Quality Metal Stampings 


Metal parts produced to your exact specifications at prices 
that reflect the economies of mass production methods. 
Hudson can work to close tolerances and maintain 
uniformity throughout production runs. Quotations supplied 
promptly on receipt of drawings. 


Hudson Sheet Metal Facilities 


Depend on HUDSON for expert fabrication of simple or 
complex sub-assemblies. Facilities include certified welding 
of alloys, silver soldering, brazing and chrome plating. 


HUDSON 
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/ NEW 
CATALOG", 

READY, E c 

NOW! a 2 


The Hudson story 

is contoined im one handy 
catalog. Full descriptions of 
all standard items and com- 
plete information on Hudson 
metal working facilifies. Call 
or write for your copy, now! 


TOOL & DIE COMPANY * INC 
118-122 SOUTH 14th ST., NEWARK 7, MY. J, 





. What's your ر‎ 
heating need? 27; | 


Radiant Heaters 
and Panels 


Circulation 
Heaters 


There’s a Chromalox heater 
for every heating job 


Only Chromalox offers you packaged electric heaters and elements in 
more than 15,000 types, sizes and ratings . . . and for immediate delivery. 
The world’s largest factory stock of industrial electric heaters, plus local 
stocks at strategic points. In addition, we can make limitless custom 
modifications of the four basic types of heaters: strip, ring, tubular 
and cartridge. 

Our thirty-eight years’ experience in the manufacture and application 
of electric heaters has covered thousands of heating problems to tem- 
peratures of 1100°F. This technical know-how and practical experience 
in solving thousands of heating problems are always available to you 
without obligation. Just let us know your heating problem, and we'll go 
all out to help you find the right answer . . . electrically. эй 

| 
Write for your copy of Catalog 50 a 
CHROMALOX 
Contains helpful information on design, uses, and prices of 
Chromalox Electric heaters, elements, thermostats, con- 
tactors and switches. 


CHROMALOX —Electric Heat for Modern Industry 


Edwin L. Wiegand Company 


7711 Thomas Boulevard, Pittsburgh 8, Pa. 


CHROMALOX 
DIRECT FACTORY REPRESENTATIVES 


ATLANTA 9, )EORGIA 

C. B. Rogers and Associates 

1000 Peachtree Street, N.E. —Elgin 1733 
BALA-CYNWYD, PENNSYLVANIA 

J. V. Calhoun рл, 349 Montgomery Avenue 

Greenwood 3-4477-78-79-80 (Philadelphia Exchange) 
BALTIMORE 18, MARYLAND 

Paul V. Renoff Company 

333 East 25th Street—Hopkins 7-3280 - 7-3281 
BLOOMFIELD, NEW JERSEY 

M. B. Rosevear Company, Inc. 

Two Broad Street —Bloomfield 2-8600-8604 

New York City: Worth 4-4258, 4-4278 
BOSTON 11, MASSACHUSETTS 

Leo C. Pelkus and Company 

683 Atlantic Avenue— Liberty 2-1970 and 2-1946 
BUFFALO 2, NEW YORK 

Niagara Electric Sales Company 

505 Delaware Avenue—Summer 4000 
CHATTANOOGA 2, TENNESSEE 

Harold Miles and Associates 

424 Georgia Avenue—Phone 5-3862 
CHARLOTTE 2, NORTH CAROLINA 

Ranson, Wallace & Co., 116% East Fourth Street 

Edison 4-4244—Franklin 5-1044 
CHICAGO 5, ILLINOIS 

Fred |. Tourtelot Co., 407 South Dearborn Street 

Harrison 7-5507, 7-5508, 7-5509 
CINCINNATI 8, OHIO 

William F. Smysor Company 

1046 Delta Avenue—Trinity 1-0605 
CLEVELAND 13, OHIO 

Anderson- Bolds, Inc. 

2012 West 25th Street—Prospect 1-7112 
DALLAS 26, TEXAS 

L. R. Ward Company 

3009-11 Canton Street—Riverside 6279 
DENVER 11, COLORADO 

Richards & Associates 

2415 15th Street —Glendale 5-3651 
DES MOINES 14, IOWA 

Midwest Equipment Company of lowa 

842 Fifth Avenue—Des Moines 3-1203 
DETROIT 38, MICHIGAN 

Carman Adams, Inc. 

15760 James Couzens Highway —University 3-9100 
HOUSTON 3, TEXAS 

L. R. Ward Company 

1814 Texas Avenue—Blackstone 0356 
INDIANAPOLIS 4, INDIANA 

Couchman-Conant, Inc. 

627-631 Architects & Builders Bldg. —Melrose 5-5313 
KANSAS CITY 6, MISSOURI 

F. D. Moore Company 

106 East 14th Street—Victor 3306 
LOS ANGELES 11, CALIFORNIA 

Montgomery Brothers 

2113 South San Pedro Street —Richmond 7-9401 
MIDDLETOWN, CONNECTICUT 

Dittman and Greer, Inc. 

33 Pleasant Street —Diamond 6-9606 
MILWAUKEE 3, WISCONSIN 

Gordon Hatch Company 

531 West Wisconsin Avenue—Broadway 1-3021 
MINNEAPOLIS 4, MINNESOTA 

Volco Company 

831 South Sixth Street —Geneva 3373 
NEW YORK CITY, NEW YORK 

See Bloomfield, New Jersey 
OMAHA 2, NEBRASKA 

Midwest Equipment Company of Omaha 

1614 Izard Street—Atlantic 7600-7601 
PHILADELPHIA, PENNSYLVANIA 

See Bala-Cynwyd, Pa. (Suburb of Philadelphia) 
PITTSBURGH 6, PENNSYLVANIA 

Woessner-McKnight Co., 1310 Highland Building 

115 South Highland Avenue—Emerson 1-2900 
PORTLAND 9, OREGON 

rw! Brothers 

1632 N.W. Johnson Street— Beacon 4197 
ROCHESTER 4, NEW YORK 

Niagara Electric Sales Company 

133 South Clinton Avenue—Hamilton 2070 
ST. LOUIS 1, MISSOURI 

C. B. Fall Company 

317 North 11th Street—Chestnut 1-2433 
SAN FRANCISCO 3, CALIFORNIA 

Montgomery Brothers 

1122 Howard Street —Underhill 1-3527 
SEATTLE 4, WASHINGTON 

Montgomery Brothers 

911 Western Avenue— Seneca 3270 
SYRACUSE 6, NEW YORK 

Rob-Smith Company 

2507 James Street—Syracuse 73-2748 
WICHITA 2, KANSAS 

F. D. Moore Company, Room 211 Derby Building 

352 North Broadway —Amherst 2-5647 


EXPORT DEPARTMENT —1010 Schaff Building 
Philadelphia 2, Pennsylvania— Locust 4-4020 
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"This Is What I Want in a Potentiometer" 


wide 
i ter to meet a i 
s1:4., A potentiome m _ 
Hen — without additional desig 
ield Oo 
vee i element in- 
— Resistance 
nt Accuracy ! — 
Pes ally molded within the * —* 
aa terminals firmly encapsulated, 
a 
locked in place. 
c Life—Rigid fixed lead screw to gui 
т sade o^ t. 
eem over resistance elemen ВРУ: 
а bility—A potentiometer tl a ie 
ر‎ t mechanical and electrica 
excellen 
under extreme — zm — 
i ity—A poten 4 
3 — T don't want to hunt for linearity 
arity bui | 
by trimming. 
ecification 
2 and/or military equipmen — 
slability—! want the —2 — 
T psp readily available in producti 
needs 


al conditions. 


iqi mmer- 
eet my rigid co 
s—1t must m t requirements. 


BORG 900 SERIES 
MICROPOTS 


Meet All These Requirements 


"It's tops!", that's what design engineers every- 
where are saying about the Borg 900 Series 
Micropots. To meet the tremendous demand 
Borg has geared production to new high levels 
assuring you fast delivery of any model in any 
A precision 10-turn potenti- — 


quantity. All 48 models are available now! 
ometer that offers your 
products a price advantage 


It's no wonder that these pots have had such a 
in today’s competitive 
markets. Engineered for 


tremendous reception for they are truly the 
easy installation with 9 | 


"New Standard of Precision Potentiometers’. 
inch coded leads. Accurate, bee Let us send you engineering data and name 
dependable, long lived. 


of your nearest Borg ‘‘Tech-Rep”. Write today. 


BORG ‘EQUIPMENT DIVISION 


THE GEORGE W. BORG CORPORATION 


JANESVILLE, WISCONSIN 
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QUICK. 
DISCONNECTING 
SELF-ALIGNING 


Precision-manufactured Connec- 
tors...to the highest quality 
contro! standards in the industry 
... have established Winchester 
Electronics, Inc. components as 
the finest in the electrical 
connector art. These and many 
others ... or completely new de- 
signs ...are quickly available to 


you...for long and dependable | 


trouble-free service. 


ACTUAL SIZE 


SERIES “MRE” 


MINIATURE 


7, 8, 

$, 14, 

18, 20, 
21, 26, 
34, 41, 50, 


75 Contacts % ACTUAL SIZE 


SERIES “К” „=з 


inted Circuit 
Cards 


RECEPTACLES 


2, 3, 6, 
10, 15, 18, 
22 Contacts 


WINCHESTER ELECTRONICS, Inc. PRODUCTS 


C 


MINIATURE 
and SUB-MINIATURE 


ELECTRICAL 
CONNECTORS 


The Accepted Standard for 
QUALITY * COMPACTNESS * RUGGEDNESS 
LIGHT WEIGHT * DEPENDABILITY 


SERIES 


SUB-MINIATURE 


ACTUAL SIZE 


SERIES 
"HM" 


HERMETIC PLUG 
(Round Hole) 


ACTUAL SIZE 


SERIES 
*"HMRE" 


HERMETIC 
PLUG 


Used with 
“MRE” 
Receptacies 


ACTUAL SIZE 


ТҮРЕ “В” 
MOISTURE 
PROOF 


12, 14, 24 
Contacts 


Va ACTUAL SIZE 


and DESIGNS ARE AVAILABLE ONLY 


FROM WINCHESTER ELECTRONICS, inc. 


“SME” 
7, 14, | 
20, 26, | 
29,34 | 
Contocts | 


| TYPES “RA” 


— — 


TYPES “200” 
to “900” 


HEAVY 


Used in 
“AN” Shelis 


Ve ACTUAL SIZE 


WATERPROOF 


& 44 RB" 


409 


Contacts V3 ACTUAL SIZE 


SERIES 
ги" 


AIRCRAFT 


7, 10, 
15, 18 
Và ACTUAL SIZE 


Many features are covered by 
our Patents: Nos. 161900, 
162792, 2411861, 2466370, 
2513080, 2526325, 2532538, 
2633482 and 2659872. 


Wire or write for catalog of 
other types or advise your spe- 
cial requirements. 


WINCHESTER 
ELECTRONICS 


>Re P RATED 


Contacts | 


Catalogs and Bulletins continued 


(U-8) Disc REsisTORS— Bulletin T-1, 
4 pp, has data on construction, dimen- 
sions, machining technique, tolerances, 
resistance values, power and voltage 
ratings, temperature coefficient, volt- 
age coefficient. International Resistance 
Co., 401 N. Broad St., Philadelphia 8, 
Pa. 


(U-9) HERMETICALLY SEALED 
SwircH—Bulletin 1057, 20 pp, covers 
operation, performance and character- 
istics of 215-in. long switch, which is 
designed to operate in any position in 
| millisecond or less at rates as high 
as 400 cps. Revere Corp. of America, 
Wallingford, Conn. 


(U-10) HEAVY-DUTY CONTACTORS 
AND RELAYS— Bulletin, 8 pp, describes 
equipment for steel mill and similar 
heavy industry applications, available 
in ratings of 25 to 100 amp, 600v. 
Allis-Chalmers Mfg. Co., 1002 S. 70 
St., Milwaukee, Wis. 


(U-11) ELECTRONIC CONTROL 
EQUIPMENT—Catalog B-36-A, 11 pp, 
gives technical information and appli- 
cation data on d-c amplifying unit, 
multi-range d-c amplifiers, sensitizing 
amplifiers, integrating fluxmeters, limit 
and knife-edge control units and prod- 
uct resolvers. Weston Electric Instru- 
ment Corp., 614 Frelinghuysen Ave., 
Newark 5, М. J. 


(U-12) RELAYs—Bulletin 108, 2 pp, 
lists sensitive relays and plug-in assem- 
blies for automatic control circuits. As- 
sembly Products, Inc., Chesterland, 
Ohio. 


(U-13) Twist PRONG CAPACITORS— 
Form UPK 155, 16 pp, is a compre- 
hensive twist prong type capacitor 
cross-index and price list of recom- 
mended replacements for four leading 
brands. Cornell-Dubilier Electric Corp., 
S. Plainfield, N. J. 


(U-14) SILICON POWER RECTIFIERS 
—Data sheets, 6 pp, describe line of 
power supply and magnetic amplifier 
types. Transitron Electronic Corp., Mel- 
rose 76, Mass. 


(U-15) SNAP-ACTION SWITCHES— 
Bulletin 54A, 4 pp. Characteristics, 
functions, dimensions and other de- 
tails of switches for automatic safety, 
limiting and interlocking application. 
Micro, Div. of Minneapolis-Honey- 
well Regulator Co., Freeport, Ill 
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CTC Components 


sulated terminals; C. 


shown include: A. capac 


coil form kit; D. RF 


itor 


choke kit; E. 


B. standard and in- and coils; F. coil kit 


coil forms 


J. standard and custom terminal boards; K 


G. RF chokes; H. diode clips; I. panel hardware; 


shielded coil form. 


One big family with a single thought 


Whether you need terminals, clips, 
coils, chokes, capacitors — or any of a 
number of electronic components 
you can be sure they're right if they're 
made by CTC. 

One continuing basic idea governs 
the manufacture of every CTC prod- 
uct. And that idea is: quality control. 
We could not guarantee our products 
as we do without a constant check of 
numerous details that determine reli- 
able performance. Our quality control 
engineers see to it that these manufac- 
turing st. ndards are consistently main- 
tained — right through to periodic mi- 
croscopic inspection. 

Pictured here are a number of com- 
ponents available at CTC including our 
three kits. These items come in stand- 
ard forms and are also custom engi- 
neered to meet your particular require- 
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ments. We would be glad to give you 
complete details, including specifica- 
tions and prices, on any or all CTC 
units as well as information on how 
CTC components can be specially de- 
signed to solve your individual elec- 
tronic components problems. 

You will find it well worthwhile to 


use components that are guaranteed. 
Write to Cambridge Thermionic Cor- 
poration, 473 Concord Avenue, Cam- 
bridge 38, Mass. West Coast manufac- 
turers contact: E. V. Roberts, 5068 
West Washington Blvd., Los Angeles 
16 and 988 Market Street, San Fran- 
cisco, California. 


CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components, 


custom or standard 





Sub-miniature Assemblies 


» Miniature 
Solenoid Drive 


= DAYSTROM INSTRUMENT hos 

produced tiny precision assem- 

blies . . . to gigantic gun directors 

Reduction Unit and fire control systems — all 

within their modern 350,000 sq. 

Es 4 ft. plant.- When you combine 

| 2325 Daystrom's team of skilled engi- 

neers with efficient production 

methods and modern facilities, 

you'll understand how Daystrom 

has been able to achieve mass 

production of such products—on 

time and at low cost—for every 

branch of the Armed Forces and 
industry. 


z23. . . For the NAVY 
Radar Fire Control Systems, Mine Detecting 
Devices, Anti-Submarine Attack Directors, 
Catapult Speed Indicators, Servo Control Sys- 
tems, Torpedo Assemblies. 


М. -For the AIR FORCE 


Capacitance Testers, All-Altitude Servo Indi- 
cators, Transistorized Receivers, R F Switches, 
Potentiometers. 


е, efile... For the ARMY 


Mechanical Fire Control Systems, Fuzes, 
Communication Systems and other instrumen- 
tation for all branches of the Army. 


dented. . . For INDUSTRY 


Test PA Radar 
— 
nisms, Electronic’ and 

Devices. 


SS 099 


Miniature Gear 


Sub-miniature Circuits 
—Transistorized Application 


ot Аа Write For Our 
ternate 
Fire Control Facilities Report 


Antenna Drive 
Housing 


DAYSTROM 1 
INSTRUMENT н 8 
ARCHBALD, PENNA. N. кт 


Director 


Div. of Daystrom, Inc. 


{80 


Catalogs and Bulletins continued 


(U-16) POLARIZED D-C RELAYS— 
Bulletin F 3961-4, 4 pp, describes 
operation on input powers as low as 
50 microwatts. Barber-Colman Co., 
1300 Rock Sc., Rockford, Ill. 


(U-17) RELAYS—-Catalog, 72 pp. Each 
relay is fully described as to physical 
and electrical characteristics, also com- 
plete operating data and suggested ap- 
plications are included. A-C and D-C 
relays include sensitive, heavy duty, 
midget, telephone type, general pur- 
pose, snap switch and interchangeable 
aircraft relays. A-N approved relays; 
sub-miniature relays; special relays, 
components and assemblies are shown. 
Two pages are devoted to definitions 
of engineering and electrical terms and 
laws. Guardian Electric Mfg. Co., 1621 
W. Walnut St., Chicago 12, Ill. 


(U-18) COLOR-CODED COMPRESSION 
TERMINALS—Bulletin 55Y1, 10 pp, 
describes ferrules for grounding 
shielded wire and coaxial cable, termi- 
nating rod-type heating element studs, 
and splicing solid and stranded wire. 
Contains a dimensional chart. Burndy 
Engineering Co., Norwalk, Conn. 


(U-19) MINIATURE CAPACITORS -—- 
Bulletin 337-8, 6 pp, includes tables 
of capacitance values and voltage rat- 
ings, dimensional drawings, and typical 
curves. Gudeman Co., 340 W. Huron 
St, Chicago 10, Ill. 


(U-20) METAL FiLM RESISTORS— 
Brochure, 6 pp, gives full details of 
performance in the 4, 1, and 2 w 
sizes. Daven Co., 191 Central Ave., 
Newark 4, N. J. 


(U-21) AUTOMATIC RATIO RELAY- 
Bulletin 8410, 4 pp, describes autc 
matic ratio relay which receives pneu- 
matic input signals from two sources 
and transmits an output signal which 
is proportional to one of the inputs, 
with the degree of proportionality de- 
termined by the second input signal. 
Minneapolis-Honeywell Regulator Co., 
Wayne and Windrim Ave. Philadel- 
phia 44, Pa 


(U-22) INTERFERENCE FILTERS — 
Catalog FSR, 22 pp, reviews line of 
rf interference suppression filters for 
use in screen rooms, induction heating 
equipment, diathermy and X-ray units 
or similar equipment which may pro- 
duce radio interference. Filtron Co., 
Inc., Flushing, N. Y. 
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sulated 


point molded 
bobbin. 


SOLENOIDS 
тне 22,0060 АМЅМЕВ ТО 


YOUR SOLENOID PROBLEMS 


@ COMPACTLY DESIGNED—for powerful performance. 


@ SHOCK-MOUNTED— Reduces self-destruction—greatest cause of sole- 
noid failure. 


@ HIGH MOISTURE RESISTANCE—Thoroughly impregnated with insulat- 
ing baking varnish. 


@ ALTERNATING CURRENT TYPES—Welded base construction for hori- 
zontal mounting. Welded or shock-mounted base for vertical mounting. 
Available in standard voltages, push or pull types, J. I. C. specifications. 


@ DECCO D.C. SOLENOIDS—are NOT MODIFIED AC SOLENOIDS. 
They deliver a tremendous force in a small space—ideal for mobile 
equipment. 


@ WAFER-TYPE SOLENOIDS—Dependable, small, short stroke, low 
amperage, push or pull solenoids for small mechanisms and light 
valving. 


@ SPECIAL SOLENOIDS ENGINEERED TO YOUR PROBLEMS. 


FOR COMPLETE INFORMATION 
ON ALL DECCO INDUSTRIAL 
SOLENOIDS + WRITE: 
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HORIZONTAL 
PUSH-TYPE— 
WELDED BASE 


! VERTICAL 
PULL TYPE— 
SHOCK- 
MOUNTED 


VERTICAL 
PUSH TYPE— 
WELDED BASE 


A C WAFER 
SOLENOID 


DC 
INDUSTRIAL 
SOLENOID 





QUALITY ASSURED 


TOPHET A* 
Nickel Chrome 


ТОРНЕТ С® 
Nickel Chrome Iron 


EVANOHM ® 
Nickel Chrome 


ODAR® 
Nickel, Cobalt, Iron 


CUPRON* 
Copper Nickel 
MANGANIN 


BALCO * 
Nickel Iron 


PURE NICKEL 
FILAMENT WIRE 


GRID WIRE 


CARBONIZED 
NICKEL 
BERALOY А ® 
Beryllium Copper 
STAINLESS STEEL 
MONEL 


COBENIUM ® 


SPECIFY e ELECTRICAL, 
ELECTRONIC AND MECHANICAL ALLOYS 


IN WIRE, ROD, RIBBON OR STRIP — 


A fully equipped Spectrochemical labora- 
tory is the latest addition to the scientific 
controls used by Wilbur B. Driver to irisure 


quality. Quality checks are now made faster, 


and with even greater accuracy. The skill 
and experience of over a quarter century of 
specialized manufacture is available for 
the solution of problems involving special 
alloys. Address inquiries to: 


Catalogs and Bulletins continued 


(U-23) ROTARY LIMIT SWITCH-— 
Brochure, 4 pp, details applications 
and construction features. Gemco Elec- 
tric Co., 25681 W. 8 Mile Road, De- 
troit 19, Mich. 


(U-24) RACK AND PANEL CON- 
NECTOR—Bulletin DP9, 64 pp, con- 
tains descriptive index, detailed parts, 
exploded views, contact detail, data 
summaries, comparative shell sizes 
mounting area information, wire and 
assembly data. Cannon Electric Со. 
420 W. Ave, 33, Los Angeles 31, 
Calif. 


(U-25) MAGNETIC AMPLIFIERS — 
Booklet, 20 pp, explains basic theory 
underlying magnetic amplifier opera- 
tion, gives information necessary for 
application and describes operating 
characteristics. Westinghouse Electric 
Corp., P. O. Box 2099, Pittsburgh 30, 
Pa. 


(U-26) POWER SUPPLIES—Catalog, 8 
pp. Sixty-four variations of single and 
dual supplies are described, including 
electrical, mechanical and construction 
specifications. New Jersey Electronics 
Corp., 345 Carnegie Ave., Kenilworth, 
N. J 


(U-27) DUAL ELEMENT PRESSURE 
TRANSDUCER — Bulletin, 4 pp, de- 
scribes unit that translates static and 
dynamic air pressures into equivalent 


voltages. Technology Instrument Corp., 
531 Main St. Acton, Mass. 


(U-28) MAGNETIC VOLTAGE REGU- 
LATORS—Brochure, 4 pp, describes 
regulator designed as equipment com- 
ponent. Circuit diagram, curves, table 
provided. Sorensen & Co., 375 Fairfie!d 
Ave., Stamford, Conn. 


(U-29) STANDOFF TERMINALS—Cat- 
alog sheets provide drawings, tables 
containing information on terminals 
for high frequency and miniaturized 


equipment. Garde Mfg. Co., 588 Eddy 
St., Providence 5, R. I. 


(U-30) INSTRUMET TRANSFORM- 
ERS—Catalog, 30 pp, provides per- 
formance data, dimensional drawings, 
tables showing costs and weights. for 
various ratings. Data is given on trans- 
formers for 15 types of applications, 
and a section is devoted to standard 
requirements for instrument trans- 


formers. R. E. Uptegraff Mfg. Co., 
Scottdale, Pa. 
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COMPUTERS 
CONTROLS 
COMPONENTS 


BY LIBRASCOPE 


X-Y PLOTTER AND RECORDER 

A compact desk or rack-mounted instrument 
for recording two independent variables on 
standard graph paper. Two basic input sec- 
tions allow continuous curve recording from 
low level D.C. signals with essentially 
infinite input impedance, or point by point 
plotting from a variety of digital inputs. Spe- 
cial inputs to meet customer applications 


are available. 


INPUTS TO PLOTTERS OR FOR OTHER 
DIGITAL SYSTEMS APPLICATIONS 


PUNCHED CARD 
OR DECIMAL 


PUNCHED TAPE KEYBOARDS 
CONVERTERS For manual inser- 
Units available to tion of tabulated 
convert output data. 
from IBM Summary 
Punch or any code 
from Punched 
Paper Tape 
Readers 


SINE WAVE GENERATOR 


Used in frequency syntheses to de- 
termine data on transfer functions 


of automatic control systems and 
components 


SPECIAL COMPUTERS OR 


CONVERTER 
Converts 9 bit, 2 
channel data from 
thyratron buffer 
storage of parallel 


digital computers 


DATA HANDLING EQUIPMENT 


Librascope manufactures mechanical 
and electrical analog computers and 
digital computers for military and 
commercial purposes. You are invited 
to submit your special computer 
requirements to our engineering staff. 


LIBRASCOPE, INC, 


808 WESTERN AVENUE » 
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ELECTRONIC COMPONENTS 


ANALOG-DIGITAL 
CONVERTERS 


A series of shaft position to digital 
encoders featuring serial/parallel 
time sharing, non-ambiguous brush 
systems. The following codes are 
available: Gray, Binary or Binary- 
Coded Decimal. 


Eh N 


MAGNETIC 
LABORATORY DRUMS 


A 5" diameter drum with provisions 
for eight channels. includes two 
machined clocks. Packing density 
up to 150 bits per inch. Variable 
speed motor, heads and adjustable 
mounts included. Special drums to 


meet your specifications. 


SINE-COSINE MECHANISM 


Self-contained unit converts angu- 
lar rotation into linear sine and 
cosine movements or solves many 
trigonometric functions 


HOLLOW SHAFT 
DIFFERENTIAL 
Precision computer component for 
measuring angular positions or 
velocity sums, May be installed or 
removed without disassembly of 

unit or differential itself. 


MAGNETIC AMPLIFIERS 


Librascope manufactures high per- 
formance magnetic amplifiers and 
transistor magnetic amplifier com- 
binations for industrial servo-con- 
trols, analog and digital computers 
and servo-stabilization networks 


READ AND RECORD HEADS 


For recording or reading of mag- 
netic drum memory systems in dig- 
ital computers. High read-back 
signal, low noise factor. Many 
models. 


BALL & DISC INTEGRATOR 
Precision unit with lifetime lubri- 
cation. Used in totalizing, rate 
determination, differential analy- 
sis. Also serves as closed loop 
servo-element or variable speed 


LINKAGES 

Various linkage computing ele- 
ments are available, including: 
addition-subtraction linkages, link- 
age multipliers and function gen- 
erators to express exponential, 
logarithmic and square root func- 
tions 


ENGINEERS, PHYSICISTS AND MATHEMATICIANS: For a rewarding 
career with a company that offers optimum stability with job 
diversification, write Librascope today. Address inquiries to Mac 


McKeague, Personnel Director. 


For complete catalog information on 


any of the above products, write: 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION E 


GLENDALE * 


CALIFORNIA 
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SERIES Actual 
100 Size 


1” Sealed Sub-Miniature — Meets 
smallest weight and space require- 
ments. 9 meters can be mounted in 
only 334” square! Accuracy + 3% 
of full scale. 


SERIES 


2V2" Multiple-Scale—Unique space 
saver. Provides up to 5 scales in 
all sensitivities. Sealed housing. 


Precision instruments by 
DeJUR provide a combina- 
tion of compact design, accu- 
racy and high quality. All 
DC models use external pivot 
D’Arsonval movements, and 
are housed in metal cases. 


Our engineering department 
will be glad to help you with 
special scales, ranges or spe- 
cifications. For the complete 
technical data sheets write 
to Electronic Sales Division, 
DeJUR-Amsco Corporation, 
45-01 Northern Blvd., Long 
Island City 1, N. Y. 


314" Elapsed Time Indicator—Easy 
to read 5 digit counters can be 
provided to register tenths of 
minutes or hours. 


0 
8 
Ф 
Е 
» 
: 
0 
L 
0 
c 
j 
Q 
8 
o 
9 
0 
0 
а 
= 
0 
== 
— 
— 
a 
pa | 


34 Actual 
Size 


1%” Ruggedized Miniature — Spe- 
cial ruggedized features to with- 
stand heavy duty operation. Sealed 
windows and terminals. 


34 Actual 


Size 


172" Sealed Miniature—Easy one 
hole mounting. Sealed windows and 
terminals. Square model available 
on order. 


212" Ruggedized or Sealed —With- 
stands shock, vibration and tem- 
perature extremes. Sealed windows 
and terminals. Also available in 
31" size. 


you're 
always 
sure with 


Т 


Catalog» and Bulletins continued 


(U-31) ELECTRICAL INSULATORS— 
Bulletin 546, 16 pp, contains tables, 
drawings, other data on ceramic insu- 
lators for use in electrical and elec- 
tronic equipment. American Lava 
Corp., Cherokee Blvd. & Manufac- 
turers Road, Chattanooga 5, Tenn 


(0-32) INDUSTRIAL SOLENOIDS — 
Bulletin GEA-6215, 15 pp, contains 
information on laboratory tests and 
general application rules. A cross-ref- 
erence chart equates this line with cor- 
responding models in former line, and 
shows the proper model to be chosen 
for given requirements of force and 
stroke. Also shows force and current 
curves, and dimensions for both push 
and pull types. General Electric Co., 
Schenectady 5, N. Y. 


(U-33) ELBCTRO-MECHANICAL AM- 
PLIFIER—Booklet, 4 pp. Charts and 
diagrams illustrate proportional and 
reversible torque control, high power 
gain, fast response and high sensitivity. 
Electomic Designs, P. O. Box 1156, 
Greenwich, Conn. 


(U-34) SNAP ACTION SWITCHES— 
Catalog 62, 28 pp, describes ten classi- 
fications of phenolic enclosed, snap- 
action basic switches, including those 
with high electrical capacity, high sen- 
sitivity, single-pole, double-pole, dou- 
ble-break and split-contact arrange- 
ments, magnetic blow-out and make 
before-break switching elements, and 
those with sealed construction. Photo- 
graphs, drawings, terminal variations, 
electrical ratings and technical infor- 
mation is included. Micro Switch, Free- 
port, Ill. 


(U-35) TERMINAL BLOCKS— Bulletin 
PB, 4 pp, describes sectional terminal 
blocks, including the three types of 
factory-installed contacts available in 
either factory-assembled blocks or in 
complete sections for user's assembly. 
Buchanan Electrical Products Corp. 
Hillside, N. J. 


(U-36) SELENIUM RECTIFIERS — 
Bulletin 6,400, 24 pp, contains stand- 
ard cell sizes and ratings, typical rec- 
tifier circuits, formulae and constants, 
elementary operating principles, typical 
characteristic curves, typical test cir- 
cuits, operation of rectifiers at higher 
than normal temperatures, installation 
and care, typical applications with cir- 
cuit diagrams. Fansteel Metallurgical 
Corp., N. Chicago, Ill. 
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Catalogs and Bulletins continued 


(U-37) FiLM-TvPE HEATING ELE- 
MENTS—Folder contains publications 
describing sprayed-on heating ele- 
ments. Data are included on heating 
problems due to odd contour shapes, 
space or weight limitations, lagging. 
Electrofilm, Inc., Dept. H, P. O. Box 
106, N. Hollywood, Calif. 


(U-38) INSTRUMENT PARTS AND 
COMPONENTS—Catalog, 64 pp, de- 
scribes precision shafts, gears, collars, 
couplings, differentials, breadboard 
equipment. All items are dimensioned 
for design and detail layout and toler- 
ance specifications are included. Pic 
Design Corp., 160 Atlantic Ave., Lyn- 
brook, N. Y. 


(U-39) OIL-TIGHT PUSH BUTTONS— 
Bulletin GEA-5779 B, 16 pp, contains 
information on product features and 
applications and complete ordering di- 
rections for push buttons, lights and 
combination units, operators, contact 
blocks, nameplates, stations and ac- 
cessories. Also contains dimensions and 
outlines, plus contact ratings of all 
units. General Electric Co., Schenec- 
tady 5, N. Y. 


(U-40) HIGH TEMPERATURE SELE- 
NIUM RECTIFIERS—Bulletin 6.401, 4 
pp, lists 86 types and sizes of high 
temperature rectifier cells, their d-c 
output ratings in various single-phase 
and three-phase circuits. Life and aging 
characteristics, voltage drop, circuit 
formulae and constants. Protective 
coatings are also discussed. Fansteel 
Metallurgical Corp., N. Chicago, Ill. 


(U-41) THERMOSTATS — Bulletin, 2 
pp, describes thermostats for electronic 
and avionic devices, appliances and ap- 
paratus. Hermetically sealed and semi- 
enclosed styles are covered. Also gives 
schematic diagram performance, data, 
ratings, dimensions, construction de- 
tails. Stevens Mfg. Co., Inc., Lexington 
and Mansfield, Ohio. 


(U-42) APPLICATION GUIDE FOR 
SILVER-ZINC BATTERIES — Complete 
electrical data and physical dimensions 
on more than 24 batteries can be ob- 
tained from this improved application 
guide. Included are discharge rates, 
capacity, weight, height, width, depth, 
recommended charging rate and volt- 
age and watt hours per pound and 
per cubic inch values at representative 
current drains. Yardney Electric Corp., 
105 Chambers St., New York, N. Y. 
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SERIES V2 Actual 
Size 


2” Ball Bearing—1/2°70z. torque per 
section. Improved linearity. Mini- 
mized backlash between ganged 


external resistors directly on ter- 


SERIES 
НР-300 
1⁄2 Actual 
Size 


24 Actual 
Size 


- 5 3” Enclosed Ganging — Fully en- 
sections. Provision for mounting closed 


: dust covers. Precise 360* external 
minal board. Easily adjusted taps. phasing. 


1%” Enclosed Ganging — Unique 
design for almost unlimited appli- 
cations. Incorporates many ad- 
vanced features of high precision 
types at moderate cost. Meets 
Jan-R-19 environmental specs. 


SERIES 
K-200 


V2 Actual 


Size 


2" High Resolution—For low torque, 
high function angle applications. 
High winding resolution for finer 
settings and better linearity. 


уои ге 
always 
sure with 


Deut 


3" High Resolution — Low torque 
with long sustained accuracy. Line- 
arity as low as + 0.1%. Fully en- 
closed. 


DeJUR precision potentiom- 
eters are designed to meet 
the exacting requirements 
of aviation and electronic 
industries. They provide the 
utmost in service on a wide 


` range of applications. Single 


or multiple ganged units 
permit precise phasing with- 
out disassembly. Our engi- 
neering department can 
adapt precision units to your 
special requirements. Write 
Electronic Sales Division, 
DeJUR-Amsco Corporation, 
45-01 Northern Blvd., Long 
Island City 1, N. Y. 


Ye” Subminiature—Unit height only 
38”; weight, 12 oz. Single or muiti- 
ple gangs . . . completely enclosed. 
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and INDUSTRIAL 
< 
B/W equipment covers all phases 
of liquid level control. It is ver- 
satile and may be used to control 
any liquid that conducts electricity. 
It is simple and positive in action, 


without vacuum tubes, floats, or 
moving parts in the liquid. 


Complete Engineering 
Service 


Our staff of competent and ex- 
perienced engineers will welcome 
the opportunity to discuss a'l 
phases of liquid level control with 
you, such as interlocking controls, 
programming controls, multiple 
signalling. 


Type LH Chassis 
For Pump Down Control 
1 Pole N. O. Contacts 


Safety Features 


B/W Controls bring you safety fea- 
tures, such as shutting off pumps 
when pre-determined low liquid 
levels are reached — protecting 
pumps from running dry and burn- 
ing bearings. High level protection 
is also assured, assuring shutoff 
at the proper time. 
Versatile Operation 


B/W Controls are not affected by 

pressures, temperatures, acids or 

caustics. Remote control, if desired. 

$-700 Pull Type Ice free electrodes where neces- 
Solenoid sary. 


INDUCTION RELAYS e RELAY SWITCHES 
SIGNALS & ALARMS e MULTIPLE PUMP CONTROLS 
CONTROL PANELS e A. C. SOLENOIDS 
MAGNETIC CONTRACTORS AND STARTERS 


MAIL COUPON FOR FULL INFORMATION 


B/W CONTROLLER CORPORATION 
2200-2 E. Maple Road, Birmingham, Mich. 


Please mail catalog at once to 
Firm 

Address 

City 

Attention Mr. 


Lad 


А 
LN 


| T 
^ | TERMINALS| B 


to a man 


who Jhinks he knows 


glass-to-steel 


hermetic terminals 


If you're a guy who thinks you 
must buy a bulky beefed-up terminal 
to get top performance like 100,000 
Megohms at 150? C. its because 
you haven't yet accepted our sugges- 
tion to test Fusites new Torture- 


Proof Terminals with V-24 glass. 


This brand new green glass 
makes possible greatly improved per- 
formance, but retains the famous 


Fusite light weight cap. 


All we ask is that you let us 


send you samples without obligation 
for testing under your own condi- 
tions. We know you will find extreme 
resistance to thermal and mechanical 
shock and greatly improved flash- 
over. These terminals are hot solder 
dipped for salt spray resistance and 


easy soldering. 


Specify Fusite V-24 glass in 


the samples you request. 


Write Dept. P-3 
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„Эа Vo ДА 50 SERIES 


> úp . & AC-DC 

e “ © e 

Eti ; 1 to 8 channel systems 
Б. : with interchangeable 


e 
t 


DC COUPLING е . 
... Versatile answers to the wide 


variety of problems in 


Da 3 OSCILLOGRAPHIC RECORDING 
Mee 


LOG-AUDIO 


MONITOR 


ANBORN equipment allows you to record accurately and graphically 
$ almost any phenomena in the 0 to 100 cps frequency range such as 
audio level, strain, vibration, pressure, displacement, thickness, flow, force, 
load, position, RPM, AC power, frequency deviation, RMS voltage or 
current, velocity, acceleration, temperature. Systems may be assembled to 
record simultaneously as many. as eight channels of information all alike, 
all different, or a combination of both, depending upon your selection of 
plug-in preamplifiers or “front ends” displayed at the left 
Should requirements change, the preamplifiers may be interchanged by 
simple plug-in to the Driver Amplifier-Power Supply unit of each channel, 
INPUT thus equipping the basic system for the new requirements. In addition to this 
NETWORK = — 
versatility of application you also gain advantages in greater over-all economy 


and increased operating efficiency. 


SANBORN SYSTEM FEATURES INCLUDE: 


Inkless recording in true rectangular making notations on record. 


coordinates 
в © High-torque (200,000 dyne cm) galva- 


Driver Amplifier (current feedback), 
e improved regulated Power Supply, 
1 8 a0 individual ON-OFF and stylus tempera- e Many char! speeds — from 0.25 to 100 
t ture controls IN EACH CHANNEL. en/ose, 


FREQUENCY 
DEVIATION Recorder slides out for easy paper @ Controls for timing, manual and remote 


WATTMETER 


€ 
a * nometer 


loading, better view of recording, coding 


е The equipment illustrated indicates the scope of the Sanborn “150” line. Other 
= * е ge . a M 
* "x 4 components, not shown, include a Wide Band Driver Amplifier and Power Supply, 
$ T M and a Master Oscillator Power Amplifier. All Sanborn equipment is available for 

STABILIZED assembling into complete systems, or as separate components for integration as 
DC “original equipment” in existing apparatus. 


Sanborn engineers will be glad to help solve your recording problems, with either 
s standard or specially modified equipment. Write for complete specifications and 


22 ова. 
RMS VOLT SANBORN COMPANY 


AMMETER 
CAMBRIDGE 39, MASSACHUSETTS 


COMPLETE RECORDING SYSTEMS E 


н 
Designed primarily H 


» 


for recording outputs 

of analog computers, 

or other applications 

where ! volt/cm 

sensitivity is usable. 

In 8-, 6-, 4-, and 

2-channel models. 

One dual-channel DC 

Amplifier for every TWO 

channels. 8-, 6-CHANNEL 


— — یی ی کی 





Dalohm wire wound and deposited 
carbon resistors are carefully designed 
and precision manufactured to meet 
the demands of the most critical appli- 
cations. Smallest in size and offering 
every other desirable characteristic, 
Dalohm resistors are unmatched for ac- 
curacy, performance and dependability 


Exclusive design of Dalohm collet-fit- 
ting knobs permits positive locking on 
all standard shaft diameters with no 
damaging effects so frequently found 
when using set-screw knob types. 
Precision molded of thermo-setting 
plastic. Five sizes available. Collets 
interchangeable. 
Manufactured in 
accordance to applicable 


JAN and MIL specifications. 


Type DC —— 
Deposited Carbon Resistors 
Type RS 
Miniature Power Resistors homme be 


Type DCH Hermetic Seal 
Deposited Carbon Resistors 1 
Type 
RH 


Type RSE Ruggedized 
Miniature 


Power 
Resistors 


Miniature Power Resistors 


Type DC-5 Hi-Voltage Deposited Carbon Resistors 


k (For high voltage and/or high resistance applications) 
K-5 KNOB 
Type WWA & WWL Precision 


Encapsulated Resistors 


Floatless, Electrode Type, Liquid Level Controls 


PRINCIPLE OF OPERATION—The operation of controlling liquid levels 
by means of electrodes is simple, accurate and positive. A combination of 
a matched relay and transformer, integrally mounted on a common baseplate 
and connected to one or more electrodes positioned to contact the liquid 
surface at predetermined levels, actuates the opening and closing of elec- 
trical contacts on the relay. The contacts may be used to switch a motor, 


2 Pole Level Control 
TYPICAL APPLICATIONS 
Pump Controls 
High and Low Level Cutoffs 
High and Low Level Alarm: 
Multi-level Signals 
Volumetric Metering 
Boiler Feedwater and Cutofi 
Sewage Ejector Controls 
Carbonator Pump Controls 
Submersible Pump Cutoff 
Evaporator Cutoff 
Process Industries Controls 
Special Panels and Controls 


motor starter, contactor, motorized valve. solenoid valve, alarm bell, 


pilot light or any other device. 


SALIENT FEATURES—There are no moving parts in the liquid. Installation 
is easy, requiring no adjustment aside from cutting the electrodes to their 
proper lengths. Operation is unaffected by acids, alkalis or caustics and is 
independent of temperature and pressure. The control can be located remote 
from the liquid container. Levels can be maintained within 1/16 inch. All 
terminals are located on a single panel on top of the relay for accessibility. 
All contacts and moving parts are situated below the main panel for maxi- 
mum protection. Spacing and insulation are adequate for 600 volts. The 
baseplate is provided with keyhole for mounting screws. Equipment is listed 
hy Underwriters Laboratories. 


ELECTRICAL RATINGS—Controls are available with coils suitable for any 


combination of supply line voltage and frequency. Contacts are U/L rated 
ıt 1 HP for 115 or 230 volts, 10 amperes 115 volts or 5 amperes 230 volts 
inductive load, and 690 volt-amperes 230 volts or 125 volt-amperes 460 
volts for pilot duty. All controls are of the double break. bridge type and 
have wiping action on closure. 


Write for 32 Page Catalog 


CHARLES F. WARRICK COMPANY 


1961 W. Eleven Mile Road Berkley, Michigan 
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Catalogs aud Bulletins continued 


(U-43) TIME DELAY RELAYS—Bulle. 
tin, 12 pp, covers adjustable time delay 
relays for panel mounting as well as 
fixed and adjustable units designed for 
built-in applications. Cut-away and ex- 
ploded views are provided and load 
circuit operation tables, time ranges 
and dimension drawings. R. W. 
Cramer Co., Inc., Centerbook, Conn 


(U-44) INFINITE CONTROL SWITCH 
—Bulletin, 4 pp, describes a 118- and 
236-v heat control, giving switch speci- 
fications and complete operating de- 
tails. Proctor Electric Co., 3 St. and 
Hunting Park Ave., Philadelphia 40, 
Pa. 


(U-45) AUTOMATIC SWITCHES, CON- 
rACTORS, TIMERS—Bulletin, 8 pp, de- 
scribes automatic electric control 
equipment. Zenith Electric Co., Dept. 
PEN, 152 W. Walton St., Chicago 10, 
Ш. 


(U-46) VACUUM TUBE ELECTRO- 
METERS—Catalog, 12 pp, includes in- 
troductory data on electrometer char- 
acteristics, circuit discussions, seven- 
teen connection diagrams. Keithley In- 
struments, 3868 Carnegie Ave., Cleve- 
land 15, Ohio. 


(U-47) MEASUREMENT AND CON- 
TROL—Catalog, 24 pp, describes syn- 
chros, servo motors, gyroscopes, power 
supplies, position indicators, amplifiers. 
Dolecam Corp., Soldiers Field Road, 
Boston 35, Mass. 


(U-48) PRESSURE TRANSMITTER — 
Bulletin A-713, 2 pp, gives data on 
principles of operation. It is illustrated 
with cutaway view and dimensional 
diagram. Swartwout Co., 18511 Euclid 
Ave., Cleveland 12, Ohio. 


(U-49) WAFER CAPACITORS—Cata- 
log, 2 pp, give complete descriptions, 
special design factors, voltages, dissipa- 
tion factors, leakage resistance, temper- 
ature vs. voltage derating factor, ab- 
sorption and capacitance variation vs. 
frequency and temperature of the ca- 
pacitors. Aircraft-Marine Products, 
Inc., 2100 Paxton St., Harrisburg, Pa. 


(U-50) SUBMINIATURE SWITCHES— 
Data sheet P 96, 2 pp, describes en- 
vironment-proof switches for —65 F 
to 180 F, electrical rating of 30 v, d-c, 
2.5 amp inductive, 4 amp resistive. 
Maximum inrush is 15 amp. Micro 
Switch, Freeport, Ill. 
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A Development Engineer at Kennecott Wire t$ Cable Co., 
examines finished magnet wire insulated with Chase Glasterra Tape. 


KENNECOTT CHOOSES 
CHASE GLASTERRA... 


"for Higher Dielectric Strength 
and Superior Heat Stability” 


In their production 
of heat resistant magnet wire for 
transformer and motor windings, the 
Kennecott Wire and Cable Company 
is using Chase Glasterra insulation, 
after exhaustive tests of many 
materials. 

CHASE GLASTERRA is a lam- 
inate of purified asbestos and glass 
cloth bonded with organic resin or 


silicone varnish, depending on the 
desired qualities. It is available in 
tapes, as used by Kennecott, and 
sheets or rolls. 
Glasterra is only one of many 
insulating materials made by Chase. 
Write for samples, and technical 
bulletins, giving a brief outline of 
your insulating needs. 
Chase & Sons, Inc., Randolph, Mass. 


CLASS "B" AND "H" INSULATION 
RUBBER AND PLASTIC COATINGS 

HIGH AND LOW VOLTAGE INSULATING TAPE 
FRICTION TAPE 

PLASTIC ELECTRICAL TAPE 

RUBBER SPLICING COMPOUND 


NEOPRENE SPLICING TAPE 





TENSOLON 
. WIRE & CABLE 


... for —90°C to 
,+250°C operation 


TEFLON 
INSULATED 
HOOK-UP 
WIRE 


TEFLON 
LEAD WIRE 


SHIELDED 
TEFLON WIRE 


TEFLON TUBING 


TEFLON 
AIRCRAFT WIRE 


JACKETED 


SHIELDED 
TEFLON 
INSULATED 
CABLE 


MINIATURE 
TEFLON 
COAXIAL 


CABLE 


MULTI- 
CONDUCTOR 
TEFLON 
CABLE 


CUSTOM 
TEFLON CABLE 


"у" 
. WRITE FOR 


— 


у PRODUCT 


Tensolite's rugged peg 
products. Resistant to 
— Teflon combines minimum 


with highest dielectric strength. * Du Pont 


Extruded Teflon insulation to meet the requirements of MIL-W-16878A 
Types E and EE, sizes 10-30 AWG in 14 solid colors and spirally striped 
Parallel wrapped Teflon — exclusive patented construction featuring 
super-flexibility, sizes 20-34 AWG in 14 solid colors to MIL-W-16878A 
Types E and EE. 


Spiral wrapped Teflon — special cross-lapped construction with spiral 
striping conforming to commercial (GEN-104) and military (MIL-W-76A) 
specifications having the standard stripe width, lay and spacing 
Sizes 8-30 AWG to MIL-W-16878A Types E and EE Specification. 
NEW 5 mil wall subminiature Teflon hook-up wire for applications 
where space factor is extremely critical. Sizes 26, 28, 30 and 32 
AWG in 4 solid colors. 


Teflon impregnated fibreglas braid over Teflon insulated wire for high 
temperature motor and transformer leads. Sizes 8-32 AWG, solid and 
tracer colors. 


Silicone lacquered fibreglas braid over Teflon insulated wire for 
class H applications. Sizes 8-32 AWG, solid and tracer colors 


All of the above described hook-up and lead wires are available with 
closely woven wire braid shields to all military and customer 
specifications. 

100% shielding provided with a close-fitting drawn copper or alumi- 
num tubing available on request 


Ultra-flexible slip-on insulation for 20-30 AWG sizes available in 14 
solid colors. 


New improved Teflon-glass-Teflon sandwich construction providing 
superior resistance to abrasion and vibration, as well as increased 
margin of safety for overload protection and emergency operation, 
Conforms fully to MIL-W-7139A, available in sizes 6 to 22 AWG. 


Teflon outer jacket cross-lapped and fused to provide an impervious 
and flexible covering completely resistant to all corrosive chemicals. 
Available in 10 solid colors, or spiral striped, sizes 10-30 AWG. 


Teflon impregnated or silicone lacquered fibregias braid outer cover- 
ing over shielded Teflon insulation. These class H cables are available 
in solid and tracer colors, sizes 10-30. AWG. 

Extruded vinyl or nylon jackets over shielded Teflon wire for high 
frequency, moderate temperature applications. All standard sizes and 
colors. 

Nylon lacquered nylon braid outer covering over shielded Teflon wire 
for extra rugged applications at temperatures not exceeding 120°C. 
Solid colors and tracers, sizes 10-30 AWG. 


50, 70 and 93 ohm extruded Teflon insulated miniature coaxial cables 
with extruded vinyl, nylon or Teflon outer jackets. Also available with 
lacquered over-braids. 

Finished coaxial cable assemblies are now being supplied with minia- 
ture connectors and fittings. 

Copper or aluminum clad miniature Teflon insulated coaxial cables 
for rugged applications with extreme size and weight limitation. The 
semi-rigid nature of this construction minimizes self-generated noises. 


Flexible low-noise miniature Teflon insulated coaxial cables are also 
available on request. 


Teflon insulated conductors cabled together to exact customer 
specifications. 


Shielded multi-conductor Teflon insulated cables. 

Teflon outer jacket, silicone or Teflon impregnated fibreglas braid 
and nylon lacquered nylon braid over shielded multi-conductor Teflon 
insulated cables are available for numerous specialized applications 
in tele-metering and instrumentation. 


Tensolite's development facilities are ready to assist you in the de- 
sign and selection of special Teflon wire, cable and thermocouple 
constructions as well as custom wire assemblies and harnesses. 


ne ۹g INSULATED WIRE CO + INC 


ae 2300 


^ 


190 


NIN STREET, TARRYTOWN, NEW YORK 
ын. onc Аа € = a Ж — A 


Catalogs and Bulletins continued 


(U-51) ELECTRICAL SwriTCH—Bulle- 
tin, 2 pp, describes snap-action switch 
designed for appliances and automo- 
tive machinery. Cherry Electrical Prod- 
ucts Corp., 3080 Skokie Valley Road, 
Highland Park, Ill. 


(U-52) Time DELAY RELAY—Bulle- 
tin TD500, 2 pp, describes relays 
which are motor-driven and provide 
controlled time delay periods adjusta- 
ble over a wide range. A. W. Haydon 
Co., 232 N. Elm St., Waterbury, Conn. 


(U-53) INSULATED TERMINALS AND 
SPLICES—Bulletin YAE 54, 12 pp, 
provides information on tin- plated 
copper, nylon-insulated, compression- 
installed connectors. Burndy Engineer- 
ing Co. Inc., Norwalk, Conn. 


(U-54) VOLTAGE STABILIZERS—Cata- 
log 4-260, 166 pp, describes perform- 
ance characteristics of units regulating 
incoming line voltage to within !^ 
percent in o sec. Raytheon Mfg. Co., 
Dept. 6120-PR, Waltham 54, Mass. 


(U-55) TEMPERATURE CONTROL — 
Bulletin 105, 2 pp, describes dual tem- 
perature controls, incorporating two 
independent electric switches for oper- 
ation up to 1800 Burling Instru- 
ment Co., 16 River Road, Chatham, 


N. J. 


(U-56) ROTARY, MULTIPOLE 
SWITCHES—Catalog, 12 pp, contains 
complete wiring diagrams and contact 
charts for voltmeter, ammeter and 
voltmeter-ammeter switches. Detailed 
drawings are included, with handle and 
panel-mounting data, physical dimen- 
sions, special switch information and 
electrical ratings. Electro Switch Corp., 
Weymouth 88, Mass. 


(U-57) SELENIUM RECTIFIERS AND 
DiopEs—Bulletin SR-1A, 8 pp. Data 
on construction, applications, types, 
ratings, reference curves, specifications, 
d-c characteristics. Also contains charts 
and graphs. International Resistance 
Co., 401 N. Broad St., Philadelphia 8, 
Pa. 


(U-58) RESISTORS AND RHEOSTATS 
—Catalog, 29 pp. Descriptions, photo- 
graphs, listings and selection data on 
resistors and rheostats are given. De- 
tails on a type of ceramic welding 
nozzle also included. Tru-Ohm Prod- 
ucts, 2800 N. Michigan Ave., Chi- 
cago 18, Ill. 
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Continuous, direct graphic recording 
now accomplished by Alfax Paper 
where previously photography and 


secondary means seemed necessary. 


New Alfax Paper—"‘elec- " 
tricity is the ink" makes 
possible simple, rugged re- 
corders that operate unat- 
tended to get great 
amounts of related infor- 
mation recorded com- 
pactly with great accura- 
cies. Using the electronic 
signal outputs of radar, 
sonar, on-off pulses and 
facsimile transmission to 


Ж, 
Helix replaces cathode 
ray screen 


record directly on Alfax, 
you cam get over 17 tone 
shades instantly responsive 
to amount of current pas- 
sage for direct, graphic 
recordings at very slow 
(inches/hour) and fast 
(more than 400"/sec.) 
writing speeds without 
the need of photography 
or secondary means. 

Write for new booklet "Recording witb 
Alfax" to Alfax Paper and Engineering Co., 


Westboro 2, Mass. 


TV pictures 
without photography 


"Flying Spot" recording simplified by 
new Alden adjusterless helix recorder 


components. 
= go together easily 


in sizes for every need 


Alden adjusterless recorder techniques built into 
these recorders enable you to explore the new 
horizons opened up by Alfax, while insuring you 
fullest utilization of Alfax characteristics. 


Write Alden Electronic and Impulse Re- 
cording Equipment Co., Westboro 2, Mass., 
for "New Horizons in Recording". 


Electronic circuitry design and construc- 
tion simplified by Alden mechanical 


components to mount, house, fasten 
and connect circuitry so that. . . 


: 
Circuitry subdi- Ё 


vides function by 
function into plug- 
in, vertical planes 


of circuitry. ALDEN 


TERMINAL 
2 CARD SYSTEM 


Circuitry housed 

in standard, plug- 

in packages that 
provide 30 sec. 4 
replacement servic- є 
ing 


3 ALDEN BASIC 


CHASSIS & 
PLUG-IN 
PACKAGES 


a? 


ALDEN 
4 “TELL TALES" 


All plug-in unit 
wiring organized 
as accessible, 
coded, “point of 
check” connections 
so layman can 
understand. 


Tiny front panel 
"tell tales” for I 


plug-in units spOt ALDEN 
trouble instantly. pack 


CONNECTORS 


Write Alden Products Co., Brockton 64P, 


Mass. for Alden Handbook "Ideas, Tech- 
niques, Designs”. 


Catalogs and Bulletins continued 


(U-59) SELENIUM RECTIFIERS—Bul- 
letin 177, 24 pp, describing both radio 
and industrial types of selenium rec- 
tifiers, is illustrated with voltage curves, 
circuitry, tabular matter and product 
applications. There is an expanded 
tabulation of power rectifiers up to 
260 input and 30 amp. Radio Receptor 
Co., Inc, 251 W. 19 St, New York 
11. М. Е: 


(U-60) ELECTRICAL RELAYS—Cata- 
log 44 pp. Illustrates and describes 
standard relays which are carried in 
stock, and also suggests some modifica- 
tions. Details include characteristics, 
schematics and dimensions. Midgets, 
circuit controls, special purpose, radio 
and high frequency, aircraft relays and 
contactors are all included. Leach Relay 
Co., 5915 Avalon Blvd., Los Angeles 3, 
Calif. 


(U-61) VOLTAGE REGULATOR—Bul- 
letin T-8400, 4 pp, describes and illus- 
trates an all static voltage regulator for 
400 cycle, a-c machines. Specifications 
on construction, installation and oper- 
ating characteristics are included, along 
with oscillograms showing voltage re- 
covery and Stability, output voltage 
wave form. Leach Corp., 4441 Santa 
Fe Ave., Los Angeles 58, Calif. 


(U-62) ELECTRICAL SwWITCHES—Cata- 
log 80A, 127 pp, pictures and describes 
deadfront, tap, knife units and acces- 
sories, including various modifications. 
Drawings and tables give dimensions. 
Combined index for various parts of 
catalog included. Barklew Electric Mfg. 
Co., Middletown, Ohio. 


(U-63) ToRoip CorLs—-Folder, 4 pp, 
describes general characteristics and in- 
cludes specification charts and stand- 


ard case styles. Hycor Co., Inc., 11423 
Vanowen St., N. Hollywood, Calif. 


(U-64) FLUCTUATING-PRESSURE 
TRANSDUCER—Leaflet, Form PT654, 
describes miniature flush-diaphragm 
strain-gage transducer recommended 
for applications requiring small size 
and light weight as well as an arrange- 
ment where the sensing diaphragm can 
be located directly in the surface under 
pressure to eliminate phase amplitude 
errors in fluctuating-pressure measure- 
ments. Provides dimensional and con 
struction information in mechanical 
drawings and gives electrical circuitry. 
Electronic Engineering Associates, Ltd.. 
1082 Brittan Ave. San Carlos, Calif. 
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CIRCUIT 


CONTROLLING 
COUNTERS with 


Automatic Reser 


FOR REVOLUTION, STROKE 
AND ELECTRIC COUNTING 
THESE  predetermining counters 
with instantaneous reset will auto- 
matically recycle a variety of single 
and multi-stage switch functions. 
Recycling operates without time 
lag at speeds to 5,000 rpm. The 
switching pattern repeats auto- 
matically as long as desired. The 
control circuit is an integral part 
of the equipment. 


CYCLO- 
MONITORS 


| Used to control 


one or two switch- 

ing events within a 

preset count-cycle J 
Replace unwieldy change gears, cam 
systems, timing chains, etc.—provide 
quick and completely flexible adjust- 
ment for changing requirements. Ad- 
justment in one-count increments ex- 
tends over a wide range of numbers. 
Available in a variety of models 
write for General Catalog of Cyclo- 
Monitors. 


PROGRAMONITORS 

Same cycle range as Cyclo-Monitors, 
but also permit ANY NUMBER of 
intermediate switching events. Com- 
plex switching patterns of any count- 
able sequence can be programmed and 
automatically repeated. Momentary or 
dwell switching—continuous or inter- 
mittent operation. Built-in control cir- 
cuit can be opened or closed at any 
numbers. Write for Bulletin 505. 


COUNTER ino CONTROL 


CORPORATION 


5225 W. Electric Ave. 
MILWAUKEE 14, WIS. 
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special 
“communication” 
quality 


blowers 


For All Types of 


miniature 
hi-pressure 


Permanent Magnet radial 


blowers <2 


Applications... 


We specialize exclusively 


in fans - blowers - turbines 


If you are designing or building a product using 
permanent magnets, you should know about for electronic cooling applications. 


General Magnetic Alnico V — the magnet that 
works HARD and FOREVER. We make magnets and | OTR || N 
only magnets—in all sizes and capacities—in all | | 


чисине ROTRON) MANUFACTURING CO. INC. 
GENERAL MAGNETIC CAN: WOODSTOCK NEW YORK 


@ Show you how to get best performance per 
dollar. 


@ Offer latest in materials and processing 
development. 
e Offer inspected uniform quality to any degree 
required. 
@ Assist you in the design of the product. 
multistage 


blowers 


Write ter for microwave 
с ENERAL Latest Folder | systems 


MAGNETIC CORP. 


Manufacturers of High Coercive Magnetic Alloys 


airborne 
duplex 
blowers 


10017 ERWIN, DETROIT 34 
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Catalogs and Bulletins continued 


(U-65) STEPPING RELAYS—Bulletin, 
12’ pp, contains illustrations, dimen- 
sional drawings, technical chart data 
and general information on midget, 
high-speed, vibration resistant and in- 


terlock types for add-subtract, ċontinu- | 


ous rotation, electrical reset and other 
applications. Guardian Electric Mfg. 
Co., 1621 W. Walnut St., Chicago 12, 
Ill. 


(U-66) RELAY AMPLIFIER— Booklet, | 


8 pp, provides circuit diagrams and 
specifications. Goldak Co. 1544 W. 
Glenoaks Blvd., Glendale 1, Calif. 


(U-67) VARIABLE RATIO TRANS- 


FORMER— Brochure, 6 pp, explains | 


construction and operation of a device 
said to combine the resolution and 
linearity associated with multi-turn po- 
tentiometers with the low output im- 
pedance characteristic of variable auto- 
transformers. Included are performance 


curves, application schematics in com- | 


puter and servo systems, specifications 
of the 60 and 400 cycles per sec and 
drawings, illustrating mode of opera- 
tion. Perkin-Elmer Corp., Norwalk, 
Conn. 


(U-68) SOLENOID CONTACTORS — 
Bulletin SC-9, 8 pp, describes enclosed 
and sealed models with power ranges 
up to 250 amp. Includes dimensional 
drawings, technical data, military speci- 
fication numbers, type numbers and 
special approval information. Guard- 
ian Electric Mfg. Co., 1621 W. Walnut 
St., Chicago 12, Ill. 


(U-69) SUB-MINIATURE RELAY — 
Bulletin GEA-6211 4 pp, gives in- 
formation on this hermetically sealed 
relay's performance features, construc- 
tion, and operation. Size is illustrated 
with photographs and dimensional 


drawings. General Electric Co., Sche- 


nectady 5, N. Y. 


(U-70) REGULATED POWER SUPPLIES | 
—Bulletin 8000, 4 pp, has photo- | 
graphs of the equipment, and electrical | 


and dimensional data on all models in 
a range of ratings from 5 to 50 kw. 
Vickers, Inc., St. Louis 3, Mo. 


(U-71) PLUG-MOUNTED INDUSTRIAL | 
RELAYS—Data Sheets, 5, 2 pp each. | 


Dimensional drawings, wiring dia- 


grams and specifications for plug- | 
mounted Classes A, B, F, S and Z | 
relays. Automatic Electric Sales Corp., | 


1033 W. Van Buren St., Chicago 7, Ill. 
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# 
i. 


For temperatures 


to 1750°F 


Withstands overshoots 


@ Maintains unusu 
ally close tempera- 
ture calibration 


e Operates at tem- 
peratures up to 
1750° F. 


e Withstands over- 
shoot to 2200? F. 


e High vibration 
resistance 


e Rapid response 
time 


e Weighs only 7 oz. 
e Compact design 


in 


И 


"Ys 
TIT 


rA 


- 


to 2200°F 


Ng Mii. 
THERMAL SWITCH 


TYPE ASA-21-2 

two-wire switches are 

especially adapted to jet 

aircraft and turbine engines. 
They withstand any degree of 
overshoot or undershoot up to 
the limit of the metal's resistance 
to temperature rise. Features 
rugged construction, light weight. 


SPECIFY CPI... Fire Detectors, De-icing 
Switches, Heater Controls, Overheat Warn- 
ings, Waterproof Switches, etc. Write for 
recommendations on your specific problems. 


CONTROL 
PRODUCTS INC 


300-P SUSSEX ST., HARRISON, NEW JERSEY 





range of stock molds 
for caps, connectors 
and strain reliefs 







* | / 


Back Up Your Reputation 
with ROYAL Dependability 


ROYAL Cord Assemblies are 
quality controlled. Every step 
in the manufacturing process is 
done in ROYAL'S own modern 
Ê plant, where sound engineer- 
ing and experienced manufac- 
turing skills pay off in uni- 
form dependability and high 
quality. 
j Back up your quality products 
> with the quality cord assem- 
Г bly they deserve. Send speci- 
| fications or blueprints, or ask 
for the Royal catalog of stock 
molds. A 






















Basic Producers of 


Wire, Cord Assemblies 


Wiring Devices and Fuses 


ROYAL ELECTRIC COMPANY, INC., 
194 


PAWTUCKET, R. I. 









Eliminate Production Cram 


$ 


ps 





COLD CRIMPING MACHINE 


Here’s the modern, low-cost method for vol- 
ume electric terminal attaching. This rugged 
machine uses P-M strip terminals in continu- 
ous form from disposable reels. It automati- 
cally crimps and cuts off through simple, quiet 
air pressure operation. 


Get the facts on the many advanced design 
features of this low-cost P-M machine that 
makes tool changing a cinch. Ask for catalog 
page and information on the complete line of 
P-M strip terminals. 






PATTON-MacGUYER COMPANY 
23 Virginia Ave., Providence, R. |. 


AWEN 


— 


Gibson S; 


Specialists in Finest Quality D 


ELECTRICAL CONTACT 



















Available in a wide choice of; 


CONTACT MATERIALS. Gibsiloy 
powdered metal compositions of silver 
or copper with refractory materials, 
silver alloys, fine silver, palladium, FAN 
and others, 


CONTACT FORMS. Molded shapes, 
rivets, "Steelbacks", stampings, screws, 
overlay types, and others. 


CONTACT ASSEMBLIES. We can 
rivet, weld, or braze contacts to con- 
tact supports—furnished either by vs 
Or Our customers, 


Send for Catalog C-12 for more in- | 
formation. Our engineers will gladly 
help you with your contact problems. 






4 " 
LEY rin n dll 


bIBSON EtECTRIC COMPRNU 
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MINIATURE. LIGHTING 


ў Project Data Sheet 


RIGHT Data. . the 


RIGHT /deas . . about YOUR 


MINIATURE LIGHTING 


Here’s the scientific way to ap- 
proach Miniature Lighting. Just 
fill in basic questions on Drake’s 
new PROJECT DATA SHEET, 
and mail it back. Our expert en- 
gineers will scientifically analyze 
your data. . from all the thou- 
sands of possible lighting ar- 
rangements, will recommend 
the one best for top results, 
greatest economy, in your spe- 
cific case. Drake’s decades of 
specialized Miniature Lighting 
experience, and complete line 
of regular and special units, are 
thus at your disposal. This serv- 
ice is free—no obligation. 


SEND FOR 
YOUR 


Project 
Data Sheet 
TODAY! 


MANUFACTURING 
COMPANY 


West Hubbard Street 


Catalogs and Bulletins continued 
(U-72) DELAY LINES—General Cata- 
log, 54, 12 pp, includes illustrations, 
descriptions and technical data cover- 
ing lumped constant, distributed con- 
stant and ultrasonic delay lines. Ricard 
D. Brew & Co., Inc., Airport Road, 
Concord, N. H. 


(U-73) CONSTANT VOLTAGE TRANS- 
FORMER—Bulletin CV-142, 20 pp, 
provides descriptions and specifications, 
detailed dfawings, ratings and other 
data on line of static magnetic voltage 
regulators. Sola Electric Co., 4633 W. 
16 St., Chicago 50, Ш. 


(U-74) LOAD CENTER TRANSFORM- 
ERS—Catalog 132, 20 pp, has a sys- 
tem of charts which simplifies, deter- 
mining the exact weights, dimensions 
and performance data for any desired 
KVA rating—and with any combina- 
tion of auxiliary equipment. Charts 
and other material are included for 
the transformers (ratings up to 2500 
kva) themselves, as well as for throats, 
junction boxes, oil-fused cutouts, dis- 
connecting switches, cover bushings, 
air-interrupter switches, flush-mount- 
ing to switch-gear and standard ter- 
minal arrangements. R. E. Uptegraff 
Mfg. Co., Scottdale, Pa. 


(U-75) STEPPING RELAYs—Bulletin, 
12 pp, contains illustrations, dimen- 
sional drawings, technical chart data 
and general informative copy on 12 
types of steppers, including midget, 
high speed, vibration resistant and 
interlock types. Guardian Electric Mfg. 
Co., 1621 W. Walnut St., Chicago 12, 
Ill. 


(U-76) MERCURY VAPOR LAMP 
TRANSFORMERS—Bulletin No. MV- 
208, 4 pp, is divided into three sec- 
tions: general characteristics, perform- 
ance and specifications. Contains chart, 
curves, oscillograms, diagrams compar- 
ing regulated and unregulated mercury 
vapor lamp ballasts. Sola Electric Co., 
4633 W. 16 St., Chicago 50, Ill. 


(U-77) ELECTRONIC COMPONENTS 
—Catalog, 36 pp, describes subminia- 
ture resistors, precision and power re- 
sistors, camera and receiver-type deflec- 
tion yokes, focus coils, and IF and RF 
transformers and coils. Charts, tables, 
drawings as well as selection and ap- 


plication information. I-T-E Circuit | 


| 516 Asylum $t., Hartford 5, Conn. 


Breaker Co., 19 and Hamilton St., 
Philadelphia 30, Pa. 
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Electro-Flex Heat 
PRESENTS 


THE FIRST COMPLETE 
LINE OF STANDARD 


HIGH TEMPERATURE 
FLEXIBLE 
HEATING ELEMENTS 


"x 


FEATURES 


e Perform con- œ Pre-Engi- 
tinuously al neered for low 
4509 F. cost. 


© Operale un- © Meet all ap- 
der high Pneu- plicable U.S.A.F. 
malic Pressure. Specifications. 


Flexible blankets or strips 


For ease of mounting or for reduced flexi- 
bility, offered with perforated stainless steel 
backing. 

The insulation is silicone rubber and fiber- 
glas cloth. 

Standard widths of 1, 2, 3 inches. Minimum 
resistance for inch of length: 1.27—2.88— 
4.47 ohms respectively. Maximum resistance 
for inch of length: 98—222—345 ohms re- 
spectively. Specials fabricated to dimensions 
of 45” x 144”. 


STANDARD ELEMENTS 


Standard Elements manufactured to a Re- 
sistance Tolerance of + 7%. Insulation will 
withstand 1250 volts applied from element to 
surface (60 cycle RMS, one minute). 


SMALL ELEMENTS 


any length from minimum to 46 inches. 


When ordering standard elements, specify 
type, width, length, resistance, voltage. Mini- 
mum order $10.00. Write or phone for bro- 
chure; or special quotations. CHapel 7-2401. 


Electro-Flex Heat 


INCORPORATED 


195 





r FOR TOUCH SERVICE 
"TIL б, е 


Ра —— We 
e — p \ 


Specialists in Development, — N E 
Design and Production of . . . z 


HEATING ELEMENTS 


for anything Electrical 


MAJOR APPLIANCES — “MACHINE TOOL 
CX 


SOLENOIDS 


Dormeyer offers you the widest variety of solenoids available 
to industry. Engineered to your specifications from finest 
quality materials, they outlast equipment life. 


Records show Dormeyer Solenoids in operation for over 17 mil- 
lion cycles are still operating as smoothly as the day they were 
installed! You can get this same rugged performance for 
your application. Prompt delivery on any quantity. 


Send specifications for prompt estimate — no obligation. 
Request catalog. 


DORMEYER INDUSTRIES 


FACTORIES IN CHICAGO AND KENTLAND, INDIANA 
3414 MILWAUKEE AVENUE CHICAGO 41, ILLINOIS 


STANDARD 


VecTROHM 


POTENTIOMETERS 


wT 


e 


Standard Units — Standard Prices 
Provide precision plus economy 
V1001 — 1X," diameter . . . SERVO MOUNT 
independent linearity + 0.5% continuous rotation 
20—100,000 ohms + 5% in 320°—6 watts @ 50°C 
V1002 — %" diameter. . . BUSHING MOUNT 
independent linearity + 1% continuous rotation 
10—50,000 ohms + 5% in 320°—5 watts @ 50°C 
V1004 — 2” dia. — SERVO MOUNT — Ball Bearings 
independent linearity + 0.25% continuous rotation 
20—100,000 ohms + 5% in 320°—8 watts @ 50°C 
Send for bulletin and price list today . . . 


—(— VECTRON, inc. term: 
Clectwonic and Elecho — 


1616 TRAPELO ROAD * WALTHAM 54, MASS. 


VECTRON FOR DESIGN AND MANUFACTURE OI 
H. W. TUTTLE & CO. 1 ron y ee е — 
ADRIAN, MICHIGAN uiable Frequency Power Supobies. кз 
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Catalogs and Bulletins continued 


(U-78) RELAYs—Catalog 54, 8 pp, de- 
scribes and illustrates electrical relays. 
Data tables and dimensional drawings 
included, Magnecraft Electric Co, 
1450 W. Van Buren St., Chicago 7, Ill. 


(U-79) BATTERY CONNECTOR—Bul- 


letin 1518A, 2 pp, describes connector | 


for currents up to 175 amp and 110v, 
for use both on equipment and in 
charging room. Yale & Towne Mfg. 
Philadelphia 15, Pa. 


(U-80) Time DELAY RELAY—Bulle- 


tion AWH-TD401, 2 pp, gives details | 
on housings, settings, motors, opera- | 


tion, calibration. A. W. Haydon Co., 
230 N. Elm St., Waterbury 20, Conn. 


(U-81) ELECTRICAL AND ELEC- 
TRONIC CONNECTORS—Catalog A3, 
70 pp, gives design details, contact ar- 
rangements, capacities. American Phe- 
nolic Corp., 1830 S. 54th Ave., Chi- 
cago 50, Ill. 


(U-82) SOLENOIDS, COILS, TRANS- 
FORMERS—Booklet, 20 pp, provides 
photographs, drawings, curves, detailed 
descriptions. Dormeyer Industries, 
5418 Milwaukee Ave., Chicago 41, Ill. 


(U-83) TEMPERATURE REGULATORS 
— Bulletin S-6, 12 pp, explains where 
and when to use direct-acting, reverse- 


acting and three-way type thermostatic | 
temperature regulators and lists typ- | 
ical engineering specifications. Also ex- | 


plains where and how to use single 
and double-seated valves. Illustrated 
with cutaway photos and diagrams, in- 


stallation diagrams and engineering | 


tables. Lawler Automatic Controls, Inc., 


453 N. MacQueston Pkwy, Mt. Ver- | 


non, N. Y. 


(U-84) 


military, new equipment, general re- 
placement and power and control cir- 
cuit applications. A simplified classi- 
fication system makes it easy to locate 
any particular unit and the dimensions 
of all cased units. Chicago Standard 


Transformer Corp. 3501 Addison St. | 


Chicago 18, Ill. 


(U-85) D-C CONTACTORS — Leaflet 


C 54-84, 2 pp, describes clapper-type | 
contactors used in controls for heavy | 
duty equipment such as electric trucks, | 


hoists and cranes. Allis Chalmers Mfg. 
Co., 1002 S. 70 St., Milwaukee, Wis. 
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TRANSFORMERS — Catalog | 
CT-554, 32 pp, contains descriptions | 
of over 500 stock transformers for | 


| Questions Design Engineers 


ask about [REGOHM) 


Q $ 
e What is a REGOHM? 


A. A compact, universal electric circuit controller of the direct-acting 
finger type, for voltage, speed or current regulation. (For details, 
see General Bulletin 4505.00) 


Q. Who uses the REGOHM? 


A. It is specified as a component in equipment made by every major 
power equipment manufacturer in the United States. ( Applications 
Manual 73.00 ‘‘Separately Excited Machines”) 


| 
| 
| 
| 
| 
| 
| 
| 


Q. Why is REGOHM so widely used? 


A. For its almost unlimited life; its sensitivity and reaction-speed; 
its continuous control and rugged compactness. (Applications 
Manual #1.00 ‘‘Regulated Rectifiers’’) 


Q. Where is REGOHM used? 


А. In every corner of the earth where there is U. S. made equipment; 
at sea; under the sea; in the air, and beyond the range of human 
flight in guided missile applications. (Applications Manual #3.00 
‘‘Separately Excited Machines’’) 


Q. When is REGOHM specified ? 


А. When performance under severely adverse conditions must be 
predictable mathematically. (Applications Manual #2.00 ‘‘Power 
Amplifiers’’) 


Q. How does REGOHM compare with other kinds of regulation? 


| А. a) Many times better performance than carbon-piles, and far less 
bulky. (Applications Manual #506.21 “‘Inverter Control’’) 

b) Requires far less space than vacuum tubes and thyratrons. 
(Applications Manual 41.00 “‘Regulated Rectifiers’’) 

c) Magnetic amplifiers depend for long life on other limited-life 
equipment. REGOHM does not. (Applications Manual £1.00 
"Regulated Rectifiers’’) 





| Questions often asked about REGOHM are only partially answered above. 
| Get full details by checking the free literature you want. Attach a basic 
| circuit of your design problem. Let Electric Regulator Corporation’s 
engineers help you design long lige into tough applications. 


Check List 


|_| General Bulletin 4505.00 [ ] Applications Manual $2.00 


[|_| Applications Manual 43.00 “Power Amplifiers” 


‘Separately Excited Machines’’ 
[ ] Applications Manual $506.21 
‘‘Inverter Control” 


[ ] Applications Manual #1.00 
“Regulated Rectifiers” 


, Mail to Dept. 130 
| Electric Regulator Corp., Norwalk, Conn. Temple 8-4311 
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"Now! End Cord and” 
s here 


Cable Failu. 


© Permanently anchor 
exterior conductors 
e Withstand strains up 
to 100 lbs! 


Low cost, easily installed 

GRIPMASTER Strain Reliefs 

anchor cords and cables at point of 

entry and positively prevent 

of the conductor at the terminals. 

your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 
power! Underwriters accepted. 

FOR EVERY TYPE OF CONNECTION 


EVERY ASSEMBLY LINE OPERATION 


GRIPMASTER ALL-METAL TYPE 
Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal bond which is . 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 
Clicks on in seconds, locks securely in 7557 
position. The Clickon forms an immovable 
ring with uniform pressure around the 
coble circumference. 


GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 


holding the cable in a vise-like grip. 
ed rubber tubes availcble 


4,41! — 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, | 


GEORGE WA 


GRIPMASTER WIRE 
BINDING SLEEVES — 
Prevent the fraying of 
cord ends. Specially treat. 


. EXCLUSIV! 
118 AMSTERDAM A\ 


forget it! ? 
once 
it's 
installed 


MERCURY to MERCURY 
PLUNGER TYPE RELAY 


è No Maintenance Required | 
* Millions of Makes and Breaks! 
* No pitting, no sticking, 
no corrosion. 
e Loads up to 60 Amps or 3 HP. 
* Hermetically Sealed. 
* One, Two, Three-Pole Relays. 
* Built-in Economy and Reliability! 


send for 


FREE CATALOG 


and 30 day test details 


EBERT ELECTRONICS CORP. 


212-50 JAMAICA AVE., QUEENS VILLAGE 28, N. Y. 


EFFICIENT 
ECONOMICAL 


Made in strip form, and 

supplied on reels, AUTO- 

BANDS are automatically 

fed into a new type machine 

to provide tight, permanent, 

cost-saving joints in electric 

wires, sizes #20 to #14, as 

fast as they can be positioned by operator. In a single 

operation, the band gathers every strand of both wires 

and joins them in a union that meets strong pull tests and 

withstands molding pressures. No cutting punches used. 

New technique bands one, two or three wire cords; 

stranded to solid wires; two separate wires to single 

one; or a variety of combinations. Continuous wires from 

either side can be located quickly at full vision rolling 
tool. Bands may be numbered for identifying leads. 

Sample AUTOBAND applications sent on request, or 

made to your specifications. Send wires and instructions. 


THE CRIMPWELD CORP P.O. BOX 32, EDGEWOOD STA, 


PROVIDENCE 5. R. I. 
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AISALENT 
SUM a VE 


ACTUAL SIZE 


T he Smallest 
óPDT 


Subminiature 


Relay 
Available 
Today 


Mounting Styles 
To Meet All 


Your Requirements 


Filtors, Inc. is a major sup- 
plier of subminiature 6-pole 
and 4-pole relays. Our facili- 
ties are now utilized 10096 for 
the development and produc- 
tion of relays of the highest 
quality. 


Outstanding 
Features 


. COMPACT 

. RUGGED 

. LIGHTWEIGHT 
. ROTARY MOTOR 


Precision built, with 
hydrogen annealed parts. 


5. LONG LIFE 


Also available in LATCH- 
ING construction, mag- 
netically held, electrically 
reset—in 2PDT, 4PDT and 
6PDT—with 14” added to 
height of enclosure—unbe- 
lievably small for a latch- 
ing relay. 

Filtors Relays meet or ex- 
ceed the requirements of 
MIL-R-5757B and  MIL-R- 
25018 (USAF). 


Write for our NEW CATALOG which lists 
Filtors engineering representative nearest 
you. 


FILTORS, INC. 


30 Sagamore Hill Drive 
Port Washington, L. 1., N. Y. 
Canadian Office: MJS Electronic Sales, Ltd. 
P.0. Box 240, Ajax, Ontario 
Phone: Empire 8-3806 
Export Office: Maurice |. Parisier & Co. 
1860 Broadway, New York 23, N. Y. 
Phone: Circle 5-5700 


Cable Address: MIPARISIER NEW YORK 


Catalogs and Bulletins .. continued 
(U-86) THERMOCOUPLE ELEMENTS 
—Booklet, 6 pp. Discusses elements 
made of noble and base metals for 
high-temperature instrumentation and 
control. Various types of insulators, 
protection tubes and lead wires are 
also described. Charles Englehard, Inc., 
850 Passaic Ave., E. Newark, N. J. 


(U-87) D-C AND A-C GENERATORS 
—Catalog EI-1A, 24 pp, Electrical 
and physical specifications are listed 
along with performance curves and 
dimensional drawings for permanent- 
magnet and wound-field d-c, a-c and 
sine wave generator types. Details are 
included on tachometer generators. 
Electric Indicator Co., Inc., Springdale, 
Conn. 


(U-88) ELECTRONIC CONTROLS — 
Booklet. F6437, 24 pp. Simplified dia- 
grams and descriptions explain ele- 
ments of electronic control, including 
the bridge circuit, sensing elements, 
type of control and control applica- 
tions. In addition to proportioning 
temperature control this booklet goes 
into on-off temperature control, hu- 
midity control and outdoor reset hot 
water control. Barber-Colman Co., 
Rockford, Ill. 


(U-89) D-C INDICATING AMPLIFIER 
—Bulletin 1-A, 2 pp. Engineering 
data and performance curves are pre- 
sented along with typical applications 
and a discussion of the principle of 
operation. Doelcam Corp., 1400 Sol- 
diers Field Road, Boston, Mass. 


(U-90) SILVER- ZINC BATTERIES— 
Brochure, 6 pp, includes technical data 
charts and specifications. American 
Machine & Foundry Co., 261 Madison 
Ave., New York 16, N. Y. 


(U-91) SOLENOIDS AND RELAYS— 
Catalog, 6 pp. Rotary solenoids and 
relays made of these solenoids com- 
bined with rotary switches are de- 
scribed and illustrated. Charts and 
drawings give dimensions typical 
torques. G. H. Leland Inc., Dayton 2, 
Ohio. 


(U-92) HIGH - VOLTAGE, GLASS- 
CASED CAPACITORS — Bulletin GC-1, 
4 pp, includes explanation of catalog 
numbers, high altitude application, lead 
specifications, ripple voltage and en- 
gineering specifications. Gudeman Co., 
340 W. Huron St, Chicago 10, Ill 
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Your product benefits 
3 ways from the use 
of a DIALCO Pilot Light: 


Enhanced appearance: 
The glow of light and 
sparkle of a lens add 
colorful visual attraction. 
Greater safety: A timely 
warning flashed by a 
pilot light can prevent 
damage to equipment. 
Added service: Discs 
inserted behind lenses 
can be used to deliver 
specific messages, such 

as "FUEL LOW", 

“ON”, “OFF”, etc. 

Let the Dialco engi- 

neering department as- 

sist you in selecting 

the right lamp and 

the most suitable pilot 

light for your needs. 


Dialco offers the com- 
plete line of pilot 
lights, from sub-mini- 
ature types to giant 
units with 144” lenses. 
Every assembly is avail- 
able complete with lamp. 
SAMPLES ON RE- 
QUEST AT ONCE — 
NO CHARGE 
Illustrations are ap- 
prox. 70% actual size 
... (А) No. 8-1930- 
111 sub-miniature 
pilot light ...¢(B) No. 
521308-991, with mul- 

t cap...(C) No. 
922210-111, dimmer 
type...(D) No. 47901 
with light shield cap. 
Write for Catalogues 
1-151, 1-153, and L-154 





Heyco Nylon Strain Relief 


Bushings eliminate wire 
knots and grommets and 


insulate wire from housing. 


There is a Heyco size and type for all size wires. In | 
addition to their full approval by both Underwriters’ | 
Laboratories and Canadian Standards Association, | 


Heycos increase product life and enhance product | 


appearance. If you are not already using cost-reducing 
Heycos send for test samples to fit your wires, today. 


1-Slip over wire 


2-Snap into hole | 


PLASTIC MOLDED KNOBS 


| FOR INSTRUMENTS, APPLIANCES, ETC. 


i ш ы 
| 0000004 
eee eoe 
| н 
| EAM — 
| m $ 41 3 
Ee ч 
0900 0: 


From Stock Molds or Custom-Molded to Your Specs. 


| we. 3 ^a 
$ 7 > ex 
EOT GO 
у wy М 
р 


Approved 


9g 


HEYMAN MANUFACTURING COMPANY 


KENILWORTH 13 


а (09 


FOR DOUBLE PROTECTION 
USE APPROVED HEYCO 
STRAIN RELIEF BUSHINGS 


Send wire sizes for free 


samples and specifications. 


NEW JERSEY | 


Huge selection of shapes, sizes and colors available from Rogan's 
stock molds. No tool charge, fast delivery. Markings can be 
branded to your specifications. We can also supply knobs custom- 
molded to your needs. Send for details and catalog. 


ROGAN BROTHERS 
8025 N. Monticello Ave., Skokie, Illinois 


Available from stock 


—A ve \ J.LC.-NEMA Type12 
“wee PANEL ENCLOSURES 


All welded 
enclosure. Seals 
out oil, water, 

dust. 


Externa! 
mounting 
feet 


External 
cover 
clamp 


Heavy gauge 
continuous 


Padlock 
hasp 


Blueprint 


holder "xj 


Neoprene 
gosket 
seal 


Baked 
enamel interior 
(white) 


Removable 


These panel enclosures are strong, rigid, cleanly 
finished, and comply fully with J.1.C. and NEMA 
| 12 specifications. No knockouts, no holes to 
| admit oil, water, dust. We have stock sizes at 
low cost for fast delivery. Or, we can make any 
| size you want. We also make J.I.C. Wiring 
| Boxes, Troughs, Push Button Stations and Rain-, 
| proof Power Outlets. Can we help you? 


| STANDARD STOCK SIZES 
| 16" x 12" x 6" 30" x 20" x 6” 36" x 30" 
20" x 16" x 6" 30” x 24” x 6” 42” x 30” 
20" x 20" x 6" 30" x 24" x 8" 42” x 36" 
24" x 20" x 6" 36" x 24" x 8" 48” x 36” 


EN Hoffman 


Dept. PEM-31, 


| 
| 
i 


ENGINEERING 
CORPORATION 


Anoka, Minnesota 
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Catalogs and Bulletins continued 


(U-93) BOBBINLESS RESISTORS — 
Leaflet, 2 pp, describes small-size, bob- 
binless, non-inductive, wire-type re- 
sistors. Includes tolerances and infor- 
mation on sealing of ceramic tubes, 
resistance wire terminals and a table 
listing typical sizes and resistances 


available. Monson Mfg. Corp., 6059 - nu aM transfer application 


. Belmont Ave., Chicago 34, Ill 


a ———— کک‎ 


(U-94) PLASTIC ELECTRICAL AND 
ELECTRONIC PARTS— Folder, 4 pp, il- 
lustrated with terminals, connector 
parts and other plastic components. 
Whitso, Inc., 9330 Byron St., Schiller 
Park, Hl. 


(U-95) BoRO-CARBON RESISTORS— 
Bulletin L-33, 2 pp. Detailed specifi- 
cations and performance data obtained 
after extensive testing is provided 


Shallcross Mfg. Co., Collingdale, Pa 


(U-96) CAPAcITORS—Catalog, 15 pp 
Electrolytic capacitors of various types 
and styles are described and illustrated. 
Illinois Condenser Co. 1616 N 
Thropp St., Chicago 22, Ill. 


(U-97) RECTANGULAR MINIATURE 
CONNECTOR—Bulletin, 2 pp, includes 
schematic drawings, electrical and 
mechanical specifications, available 
contacts. Dejur-Amsco Corp., 45-01 


Northern Boulevard, Long Island City 
LI X 


(U-98) ELECTRIC TUBE CLAMPING 
SHIELDS—Catalog, 10 pp. Miniature 
and sub-miniature tube shields are il- 
lustrated and keyed to appropriate di- 
mensional engineering drawings. Inter- 


con com 1 
national Electronic Research Corp., * Simplify trol of plex circuits 
77 W. Magnolia Blvd., Burbank, e Give ' *dead-front" mounting safety 
Calif. ; d 
^X -. Listed by Underwriters Labs, Inc. 
(U-99) TEN TURN "— 4 — -~ 
i A 2 a SSE TOW Can be furnished to latest Navy specs. 
fications, construction, coil character- E Ratings from 21 amperes to 200 amperes, 30 to 


istics and available modifications. Heli- 


pot Corp., S. Pasadena, Calif | 250 e бэ and 125 to 500 yolts a. c. — 


(U-100) CONNECTION DIAGRAMS 
FOR INDUSTRIAL CONTROLS—Pub- 
lication 51, 148 pp. provides diagrams 
for the wiring of a wide variety of elec- 
trical equipment into control systems 
Included are circuits for switches, coils, 


starters, contactors, drum controllers, | Te E 5 с E T D le S W | T G H 


relays, transformers. Illustrations of CORPORATION 
control components produced by this | — 


manufacturer are included. Furnas | 167 King Avenue, Weymouth 88, Mass 
Electric Co., Batavia, Ill 
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ew... 


Motor Protection 
with the MP-600 
Cireuit Breaker 





Custom-made over-load protection 
for motors and electrical appliances 


The MP-600 brings you all the features 
you want for complete motor protection. 
It furnishes permanent push-button protec- 
tion for 4 to 30 ampere circuits. 





MOUNTING: Easy, low-cost, single-hole mounting lends 


itself to installation in the most desirable location. 


COMPACT: Only 14" x 134” x 1459". It can be installed | 
| 


where space is a problem. 


RATING: From 4 amp. to 30 amp. are now available. No 
need to use a rating other than that which your motor 
needs. 

TIME VS CURRENT: Curve to meet your specifications. Trip 
time conforms to the motor requirements and application. 

COST: Features that eliminate hidden costs. Low installa- 

tion cost, elimination of motor failures and less service cost. 


UJ TODAY 


Write today for new catalog and 
detailed information. Test somples 
made to your specifications. 


MINI -BREAKER ® 


Made by one of the world’s largest manufacturers of 
circuit breakers for aircraft, industrial and consumer use. 


Meehanieal Produets, Ine. 
Dept. A6 JACKSON, MICHIGAN 
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Wires — 


— 
IDENTIFICATION; 


IDENTIFICATION TAGS 


MAXLILEIA OF EVERY DESCRIPTION 


TAGS 


for marking cables, 
leads, and group- 

ing wires! 
Terminal tags are rapidly replacing obsolete string and paper 
identification methods, they mark the end of identification 
problems! Made of aluminum, brass, or zinc, in a 
variety of styles and sizes, terminal tags are easy to apply, 
and are used in the manufacture of aircraft, radios, tele- 
phones, motors, generators, etc. They can be stamped or 
embossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


Dept. P.E., Newport, Ky. 
Phone Co-2035 


steel, 


Get this 
MOLDED 


BRUSH HOLDER 
ENCYCLOPEDIA 


Here is the latest informa- 
|| tion on the complete line of 
| Phoenix ‘‘standarized- 
i| custom'' Brush Holders and 

|| Caps—over 100 standard 
molded brush holders and 35 
standard molded caps . . . plus 
data on assembled types and 
cast brush holders. Shows how 
standard brush holders can be 
modified to suit your exact re- 
quirements...at remarkably low 
cost. Your copy free on request, 


Write for Phoenix Bulletin 550 


TERS 


PHOENIX ELECTRIC MANUFACTURING CO. 
4211 W. Lake Street ° Chicago 24, Illinois 
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Catalogs and Bulletins continued 


(U-101) ELECTRICALLY VARIABLE 
INDUCTOR—Bulletin 4/654, 7 pp, is 
made up of individual sheets giving 
control characteristics on each of a 
series of seven inductors. Vari-L Co., 
Inc., P. O. Box 1433, Stamford, Conn. 


(U-102) ELECTRIC HEATING EQUIP- 
MENT—Booklet, 30 pp, entitled “101 
Ways to Apply Electric Heat.” Meth- 
ods of applying heating equipment co 
baths, transfer systems, steam genera- 
tion, melting units, piping, ovens, dies 
and molds, and space heaters is de- 
scribed and illustrated. Edwin L 
Wiegand Co., 7500 Thomas Blvd., 
Pittsburgh 8, Pa. 


(U-103) CAPACITORS—Catalog 800B, 
31 pp. Capacities, dimensions, working 
voltages, prices of several lines of ca 
pacitors are given. Sangamo Electric 
Co., Marion, Ill. 


(U-104) FLOAT POSITION TRANS- 
MITTERS— Bulletin 170, 4 pp, gives 
operating details and specifications of 
new force balance float position trans- 
mitter for use with all types pneu- 
matic receivers and/or control instru- 
ments. Brooks Rotameter Co., Lans- 
dale, Pa. 


(U-105) CoPPER-CLAD LAMINATES 
FOR PRINTED CiRCUITS— Bulletin, 4 
pp. Information is given on two elec- 
trical grades of high quality, paper- 
base phenolic laminates, which are 
bonded to copper foil of 0.0014 and 
0028 in. thicknesses. Included are de- 
sign considerations and characteristic 
properties, punching information and 
sheet size. Richardson Co., 2661 Lake 
St., Melrose Park, Ill. 


(U-106) RESISTORS—Chart gives data 
for each type, including equivalents, 
rated wattage, standard tolerances, tem- 
perature rise at rated load, temperature 
coefficient, maximum operating tem- 
perature, ohmic values available, di- 
mensions and approximate prices. 
International Resistance Co., 401 North 
Broad St., Philadelphia 8, Pa. 


(U-107) PRECISION SERVO COM- 
PUTER POTENTIOMETERS — Technical 
Paper 341, 12 pp, discusses linearity 
and sets forth data on research, de- 
velopment and trends in precision 
potentiometers. Originally presented at 
the AIEE. Conference on Feedback 
Control Systems. Helipot Corp., South 
Pasadena, Calif. 


Product Engineering — Mid-October, 


The Lundey Line Is Expanding! 


More and more, Lundey engineering facilities and 
technical know-how are reaching out to help solve 
specific hermetic sealing problems in the industry. 
The result is o rapidly 


expanding ine of... HERMETIC 
TERMINALS 


CONFINED GASKET TYPE — ceramic-neoprene 
(or silicone) compression type of hermetic terminals, 
covering a wide range of voltages and amperages. 
Available with modifications to meet conditions 
requiring unusually high torque 


New SOLDER-SEAL MODIFICATION — same as the 
standard line except the bottom ceramic shell has 
two metallized areas (of the reduced metal oxide 
type) for either soft or hard soldering. This modi 
fication results in a non-turning, vacuum-tight 
installation which will pass mass spectrometer 
leak tests as required under certain military speci- 
fications encompassing airborne equipment, etc 


#199 SERIES — utilizing a combination of teflon 
shells and silicone gaskets (neoprene gaskets also 
available), this low-cost terminal is designed for 
applications where maximum savings of floor space 
and inside clearances are important. Nine terminals 
may be mounted on a 34” square header or panel. 
Alternate color available for indexing. 


New METALLIZED ALUMINA TERMINALS* — 
combining the excellent thermal and physical shock- 
resistant characteristics of alumina bodies with a 
choice of two types of metallizing (reduced metal 
oxide type), these terminals withstand a wide range 
of operating temperatures 80°F to +1500°F) ; 
voltages; amperages; etc. Available for either sof 
or hard soldering. Special designs will be engineered 
for particular problems. 


New MICRO-DIS SERIES — a group of two-piece, 
non-hermetic terminal assemblies, consisting of a 
teflon insulator and a brass stud. Available as either 
a stand-off or feed-through terminal, it is especially 
designed for high frequency, low-loss applications. 
Good for temperature range of —80°F to +550°F. 
Extremely simple to install. 


*Lundey Associates are National Sales Repre- 
sentatives for Frenchtown Porcelain Co., the 
manufacturer. 


694 MAIN STREET 
WALTHAM 54 
MASSACHUSETTS 


1955 


j 





continued 


Catalogs and Bulletins 


(U-108) TRANSFORMERS — Catalog, 
22 pp, provides electrical and physical 
specifications on over 500 models. Out- 
put charts, cross-reference charts and 


КЛ Кт 
LO DR 


This is a KOILED KORD retracted 


AIAN 


This is a KOILED KORD extended 


UT COSTS to 
ALL TIME LOW 


Addison and Elston, Chicago 18, Ill. with 
(U-109) MINIATURE CAPACITORS— 
Catalog X-100, 20 pp, illustrating and 
fully describing a complete line of 
miniature, hermetically sealed, elevated 
temperature tubular paper capacitors 
has dimensional drawings, electrical 
characteristics, engineering data and 
tables of voltages, capacitance values 
and tolerances. Gudeman Co., 340 W. 
Huron St., Chicago 10, Ill. 


WIRE CONNECTORS 


KOILED KORDS are available on 
special order to your specifications 
in multi-conductor types up to 37 
conductors, shielded if required. 
Stocked types include 2, 3, 4 and 5 
conductor #23 AWG communica- 
tions cords and 2, 3 and 4 conductor 
Underwriters‘ Laboratories approved 
SO, SJO and SV-neoprene jacketed 
power cords. KOILED KORDS can 


(U-110) SOLENOIDS AND RELAYs— 
Catalog, 6 pp. Rotary solenoids and 
relays made of these solenoids com- 


be supplied in 48 inch mandrel 
lengths or prepared into cord sets 
for attachment to equipment. 


INFORMATION YOU SHOULD GIVE 
WHEN ORDERING KOILED KORDS 


Product on which retractile cord 
is to be used. 

Length and type of cord now 
being used. 

Appliance or equipment rating 
(if motor drive, give horsepower) 
Jacket material required: neo- 
prene for resistance to oil, rubber 
for cold temperature uses. 
Number of conductors 

Gage and type of conductors — 
whether stranded copper or 
tinsel. 

Length to which cord should 
extend. 

Length of leads on each end 
Type of terminals or fittings on 
each end. 

Approximate annual require- 
ments. 

When possible, enclose sample or 
drawing of cord to be duplicated. 


WRITE FOR KOILED KORDS APPLI- 


CATION BULLETIN SHOWING 
MANY USES. 


Koiled Korag 


Incorporated 


RARARRARRAARATS 
Box K, New Haven 14, Conn. 


IN CANADA: R. D. FLECK & CO., LYD., 
OSHAWA, ONT. 
* KOILED KORDS is the trademark of 
Koiled Kords, Inc. 
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| 
| 
| other helpful data are also included. 
Chicago Standard Transformer Corp., 


bined with rotary switches are de- 
scribed and illustrated. Charts and 
drawings give dimensions, typical 
torques. G. H. Leland, Inc., Dayton 2, 
Ohio. 


(U-111) TROLLEY BUSWAY ELEC- 
TRIFICATION SYSTEMS — Bulletin 45, 
60 pp, illustrates and describes track, 
trolleys and accessories used in the 
safe electrification of light tonnage 
cranes and hoists, assembly and pro- 
duction lines, moving test lines, por- 
table and machine tools, lighting, sew- 
ing and cutting rooms. 125 Barclay St., 
New York 7, N. Y. 

(U-112) DEPOSITED CARBON RE- 
SISTORS—Bulletin, 6 pp, covers 1 per- 
cent resistance tolerance resistors. 
Three new sizes are described with 
power ratings from 4% to 2 w, re- 
sistance from 10 ohms to 100 meg- 
ohms. Performance test results, elec- 
trical and mechanical characteristics, 
material and construction details, pro- 
tective finishes and enclosures avail- 
able. Campbell Industries, Inc., 
St. Elmo Ave., Chattanooga 9, Tenn. 


(U-113) PNEUMATIC CONTROLLER 
—Catalog 53-10, 12 pp. Stack-type 
pneumatic controllers for process vari- 
ables are illustrated with cut-away con- 
struction photos, schematic diagrams 
and dimension drawings. Specifications, 
controller response actions and a con- 
troller selection guide give details of 
case-mounted, feld-mounted, and 
valve-mounted control instruments. 
Fischer & Forter Co., 148 Jacksonville 
Road, Hatboro, Pa. 





3806 


Millions in Use 

Speed Wiring 

Superior Holding Power 
Compact in Size 

Take Minimum Wire End 
Stripping 

Streamlined for Mass 
Production Needs 

Put Rejection Time into 
Production Time 

11 Sizes in Ceramic and 
Bakelite Materials 
Approved by Underwriters’ 
Laboratories and Canadian 
Standards Assoc. 


New! HI-O "LOK-ON" 
"Midget Size'' 
WIRE 
CONNECTOR 


Features unique metal 


spring insert. Wire 
strands become securely 
wedged and locked as 
the connector is screwed 
on. Cannot vibrate ог 
shake loose. Even inex- 
perienced help can make 
perfect igtail splices. 
UL and C.S.A. approved. 


PLASTIC CLAMPS 
PERFECT INSULATORS! 
Available in Ethy! Cellulose, 
Nylon, and Saran. 46 stock 
items from V4“ to 3°“. Open 
easily—speed production flow. 
Light in weight, tough ond 
durable over wide tempera- 
ture ronge. Will not cut or 


fray insulation. 

PLASTIC STRAPS 
Availoble in two sizes for 

non-metallic coble . . 
your choice of black or 
ivory color in both sizes. 
die: with REA. New ivory color 
perfect for NMC-UF cable. 


Rust and corrosion resistant 
— no insulation cutting — 
greater safety. Complies 


7$ 


өе ENDUSTRIES, INC., 
| 455 ELM ST. * SYCAMORE, ILL. | 
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Catalogs and Bulletins continued 


(0-114) PULSE TRANSFORMERS — 
Catalog, 4 pp, lists the electrical and 
physical characteristics of blocking 
oscillator or regenerative driver, pulse 
transformers. Pulse voltage, pulse 
duration, maximum duty ratio, load 
impedance, RMS test voltage, induced 
voltage, and d-c resistance are given. 
Utah Radio Products Co., Іас., 1123 
E. Franklin St., Huntington, Ind. 


(U-115)  CuRRENT-LiMIT FUSES— 
Booklet, 8 pp, tells where and why 
these fuses should be used and pro- 
vides construction details, ratings, di- 
mensions. Curves showing current- 
limiting characteristics and melting 
time-current characteristics for both 
250 v and 600 v fuses are included. 
General Electric Co. Bridgeport 2, 
Conn. 


(U-116) PRINTED CiRCUITS — Bro- 
chure, 8 pp. Lower wiring costs, re- 
duced assembly time, reproducibility, 
improved reliability, miniaturization 
and product improvement are among 
the advantages advanced for this 
method of construction. Includes in- 
formation on methods of application, 
materials, electrical characteristics. As- 
sembly with dip soldering and plated- 
through holes is described. Photo- 
circuits Corp., Glen Cove, N. Y. 


(U-117) TRANSFORMERS — Catalog 
A, 26 pp, describes transformers for 
broadcasting, amateurs, laboratory and 
replacement purposes. Also included 
are reactors, filters and magnetic am- 
plifiers for military equipment. United 
Transformer Co., 150 Varick St., New 
York 13, N. Y. 


(U-118) TRANSFORMERS — Catalog 
TR-54, 28 pp, describes 11 new am- 
plifier kits for high fidelity reproduc- 
tion, a greatly expanded line of tele- 
vision components, plus additional 
items in hermetically sealed power 
components, instrument power supply, 
filament, chokes, power and audio 
transformer lines. Two new photo-flash 
transformers are included in the list 
of new items. A complete line of geo- 
physical transformers are shown. 
Triad Transformer Corp., Venice, Calif. 


(U-119) SILICON TRANSISTORS — 


=} АТОС 


Hunting COILS for 


high temperature 

D applications? ... 
Scouting for 
encapsulated COILS? ... 


DANO MAKES 


You're always sure your coils are exactly right when Dano makes them. Step 
by step, every Dano Coil is skillfully made by coil experts whose experience 
and equipment combined, with the latest quality control methods mean the 
ultimate in coil performance for you. 


New products are constantly demanding new types of coils and Dano continues 
to provide the answers by encapsulating coils in either Polyester Resins or 
Epoxy Resins—also by designing coils for high temperature applications. 


If you depend on coils to exact specifications—it's no problem when you deal 
with Dano. Call or write today and Dano's quote will be on tbe way. 


COILS—for High Temperature Application 
COILS—Encapsulated e COlLS—Form Wound 
COILS—Paper Section e (OILS—Bobbin 
COILS— Cotton Interweave e COILS—Acetate Bobbin 


ALSO, 
Transformers 
Made to Order 


THE DANO ELECTRIC CO. 


97 MAIN ST., WINSTED, CONN. 


INDUSTRIAL COUNTERS 
AND CONTROLLERS 
with UNITIZED CONSTRUCTION 


Straight Counting 
Process Control 
Quality Control 
Specialized Counting 


Slow counters without registers. Speeds from 0 to 4000 counts/sec. 
TOTALIZERS 
Instruments for 
counting by units, 
tens, dorens and 
gross. Various 
models afford 
up to eight digit 
count capacity 


Fast counters without registers.Speeds from 0 to 20,000 counts/sec. 


Slow counters with registers. Units in ranges from 0-50, 0-60, 
0-500, 0-600, 0-720 counts /sec 


Fast counters with registers. Speeds from 0 to 20,000 counts /sec. 


Manual re-set with 


SINGLE PRE-SET — L^) -— 


Count capacities from 99 
PRE-SET COUNTER to 999,999. Operates single 
CONTROLLERS control circuit at pre-set 
Operate at speeds from count 
0 to 2000 counts /sec 
Actuate an electronic 
contro! circuit when DUAL PRE-SET 
predetermined count is Count capacities from 99 to 
reached 99.999. Actuates two 
different pre-set control 
circuits in sequence 


Automatic or manual 
re-set with momentary 
relay 


Manual re-set with 
locking type relays 


Automatic or manual 
re-set with momentary 
relays 


Bulletins, 2 pp, described general pur- 
pose silicon transistors and a medium 
power silicon transistor. Texas Instru- 
ments, Inc. 6000 Lemmon Ave. 
Dallas 9, Texas. 


tatives in principal cities — U.S. and abroad 
mic INSTRUMENT 
COMPANY 


€ 39, MASSACHUSETTS, U. $ A. 


>Radioactivity Measurement Instrumentation 
» Electronic Counting and Control Equipment 
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commutators, D 


4 


slip rings? _ 


— E 
| 
call on 


NIPPERT 


COMMUTATORS made to your 
special requirements and specifica- 
tions—sizes from 7/16” to 4”. Built 
from silver bearing copper: or, for 
special requirements, from copper 
alloy, silver and other metals. Ma- 
chined dovetails insure top perform- 


ance and eliminate copper and mica. 


segment dies. 


SLIP RINGS designed for peak per- 
formance and dependability. Made 
with coined  silver-bearing copper 
conductor rings, glass base insula- 
tion, flexible or solid leads. Send us 
your requirements. 


^ NIPPERT 


Electric Products Co. 








| and higher applications. 


Catalogs and Bulletins continued 


(U-120) GERMANIUM DiOoDES—Bul- 
lein N-1, 2 pp. Data on standard 
types, replacement types, construction, 
application, dimensions, charts. Inter- 
national Resistance Co., 401 N. Broad 
St., Philadelphia 8, Pa. 


(U-121) MERCURY RELAYS—Catalog 
154, 4 pp, contains complete infor- 
mation on UL-approved standard and 
heavy duty relays, including all elec- 
trical characteristics and ratings. Ebert 
Electronics Corp., Queens Village 28, 
N. Y. 


(U-122) TAPE- WOUND CORES— 
Bulletin WC-353 describes tape-wound 
cores for saturable reactors, power 
transformers and other electronic and 
electrical applications. Tape-wound 
cores in both rectangular "C" and 
round toroidal types are included. Spec- 
ifications and value graphs are pro- 
vided, covering cores in 12 mil 
oriented silicon-iron, for 60 cycle ap- 
plications and in 4 mil for 400 cycle 
The value 
graphs give evidence of high flux 
densities, with correspondingly low 
losses. Also shown by graph is this 
material's orthographic characteristic. 
Thomas and Skinner Steel Products 
Co., Inc., Indianapolis, Ind. 


(U-123) ELBCTRONIC DATA SHEET— 


| Circuits using relays and rotary sole- 


noid are illustrated and described as 
they occur in actual applications. This 
is the first issue of monthly publica- 
tion. G. H. Leland, Inc., Dayton 2, 


| Ohio. 


(U-124) MULTIPLE SIGNAL GENER- 
ATOR—Bulletin, 4 pp, describes a de- 
vice for comparing the response of a 


| servo system, component or low fre- 
| quency network. Typical patterns and 


a sample testing arrangement are in- 
cluded. Servo Corp. of America, New 
Hyde Park, N. Y. 


(U-125) SuB - MINIATURE PILOT 
LIGHTS—Brochure L-157, 4 pp, de- 
scribes one-terminal lights for use on 
grounded circuits. Five different types 
of units are described: indicator lights 
of the non-dimming type, dimmer-type 
pilot lights (mechanical or polaroid), 
plastic dome - omnidirectional pilot 
lights, indicator pilot lights with flat 


plastic lenses imprinted with numbers | 
or letters, light shield assemblies for | 


lighting dials. Dialight Corp., 60 
Stewart Ave, Brooklyn 37, N. Y 





BUY THESE 


[| 
DE Ка 1 
— FROM THE 
IG 


p". 
e 
м. 


When you're ordering CUP 
WASHERS for binding screws; 
FLAT WASHERS; SPRING 
TENSION WASHERS, spheri- 
cal or form rim type, whether 
you want them made from 
spring brass, phosphor bronze, 
or spring steel, and tempered: 
save yourself money by buying 
from the manufacturer. 


The Whitehead Catalog lists 
hundreds of washer sizes; cable 
clips; pipe, conduit, and wire 
clips; burrs, plugs, spacer 
shims, retainers, gaskets. Write 
for this catalog and—buy 
what you need from it— 
Economically! 


53, 


EST.1903 


WHITEHEAD 
STAMPING CO. 


1679 W. Lafayette Blvd. 
Detroit 16, Michigan 
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Catalogs and Bulletins continued 


(U-126) ELECTRIC HEATING UNrrS 
— Booklet, 23 pp. First sections cover 
strip heaters, forced convection air 
heaters, room and oven heaters. The 
complete line of Corox heaters follows, 
including immersion, bolt, finned and 
special shaped unit. Cartridge heaters, 
glue and melting pots are included 
also. Later sections of the selection of 
the correct heater for a specific ap- 
plication. Here, formulas and graphs 
are given and sample problems are 
solved. Westinghouse Electric Corp., 
P. O. Box 2099, Pittsburgh, Pa. 


(U-127) MAGNETIC RELAYs—Bulle- 
tin, 4 pp, shows the various types of 
open and hermetically sealed a-c and 
d-c relays in this company's line. Gen- 
eral characteristics, including maxi- 
mum coil resistance and power re- 
quirements, contact forms available, 
approximate weight and dimensions, 
are included. Essex Wire Согр., 
Logansport, Ind. 


(U-128) HEAT FLOW TRANSDUCER— 
Leaflet, 2 pp, illustrates and describes 
Model 200 heat flow transducers. 
Cross-section drawings, output calibra- 
tion curves and specifications provid- 
ing data on seusitivity, response, in- 
ternal resistance and dimensions. 
Beckman & Whitley, Inc., 925 E. San 
Carlos Ave., San Carlos, Calif. 


(U-129) ELECTRIC VALVE OPERA- 
TORS—Catalog T-81, 8 pp, describes 
a means of operation of all types of 
conventional gate, globe, plug, butter- 
fly and other valves, in sizes from 21^- 
in. Valve operators in three basic sizes 
with 14 to 3 hp motors are illustrated 
and specifications are given in detail. 
McBain Corp., 6251 W. Century Blvd., 
Los Angeles 45, Calif 


(U-130) MINIATURE TIME DELAY 
RELAYS—Bulletin describes miniature, 
hermetically-sealed relays for either a 
code, giving characteristics and factors 
which might determine type of timer 
to be used. A. W. Hayden Co., 230 
N. Elm St., Waterbury, Conn. 


(U-131) RESISTANCE STRIPS AND 
CONCENTRIC Disc REsistors—Bul- 
letin T-1, 4 pp. Data is provided on 
construction, tolerances, resistance 
values, power and voltage ratings, di- 
mensions, machining technique, tem- 
perature coefficient and voltage coeffi- 
cient. International Resistance Co., 401 
N. Broad St., Philadelphia 8, Pa 
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Power Type 


Sarkes Tarzian Power type rectifiers provide 
extreme versatility and flexibility of design. 
Fourteen basic cell sizes provide the widest 
range in the industry, from milliamperes to 


thousands of amperes. 


| High Voltage 
Sarkes Tarzian high voltage rectifiers utilize four cell 
sizes and current ratings range from 0.5 milliamperes 
т 


de, to 75 milliamperes dc. All types from simple half 
wave to complex three phase configurations are 


available. 


Embedments 


Sarkes Tarzian embedments provide the low- 
cost, light-weight, small-size answer on appli- 
cations where hermetic sealing is either re- 
quired or desirable. Special fillers extend the 
embedment resins practical temperature 
range from —55° to 100° C. 


Radio-TV Type 


A wide range of ratings is available to cover 
applications in radio and television receivers 
as well as a variety of electronic equipment. 
The special "Plug-In" feature, available at 
The Modern PLUG-In* по extra cost, provides a wide range of 
Rectifier That Can mounting methods . . . Also available is Con- 
Also Be Soldered version Chassis, CC-1, that converts present 
And Bolted television receivers to use plug-in rectifiers. 


*PATENT APPLIED FOR 


Get the latest Selenium Rectifier Handbook and up-to-date Replacement Guide 





SECTIONAL 
pres= SURE - biocks 


Assembled, — or in sections 
for your assembly. No auxil- 
iary hard ware— only one piece 
per circuit section. 750 vol 
nominal rating. For #18 thru 


#4 wire, Contacts for terminal 


ended wires to 35 amps and 
stripped wires to 70 amps. 


ONE PIECE 


TERMINAL 
BLOCKS 


4, 6, 8 and 12 circuits. 750 
volt nominal rating. For #16 
thru #6 wires. Contacts for 
terminal ended or stripped 
wires to 50 amps. Separable or 
hinged covers available. 


Write today for bulletin H 
for complete information. 
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Catalogs and Bulletins continued 


(U-132) TUBES, ELECTRONIC—Book- 
lec ETR-886, 12 pp, lists recom- 
mended receiving and  cathode-ray 
tube types for AM, FM, and television 
receivers. Compiled in tabular form to 


cover essentially every requirement of | 


the radio and television manufacturer. 


Booklet ETD-548C, 20 pp, covers the 


developmental history of this line of | 


high-reliability receiving tubes for 
critical applications, and design and 
manufacturing features of the tubes. 
Also included is technical data and 
average Characteristics on the 22 minia- 
ture and 11 sübminiature types cur- 
rently available. Brochure ETD-892, 
4 pp, describes the new high-reliability 
pentode tubes, for critical applications 
in two-way comunications systems. 
Technical data is included, as well as 
block diagrams showing application of 
the new type in existing aircraft and 
mobile receivers, and a block diagram 


showing a 152 mc to 174 mc mobile 
receiver. Booklet ETD-881, 8 pp, de- 
scribes the metal-and-ceramic "light- 
house" tube, an improved model. The 
new high-mu triode is designed for 


use in VHF-UHF circuits as a 
grounded-grid class C power amplifier, 


oscillator, or frequency-multiplier, at 
frequencies up to 2500 mc. Booklet 
ETD-885, 12 pp, describes three new 


reference cavities used as frequency- 
determining references in microwave 


systems. General Electric Co., Schenec- 
tady 5, N. Y. 


(U-133) ELECTRONIC COMPONENTS | 


—Bulletin 107, 4 pp, illustrates 11 


types of interference filters and noise 


suppression capacitors. Power ratings | 
and attenuation characteristics, three | 


curves of typical attenuation character- 
istics as measured in MIL-STD-220 for 
a 50-ohm system, are also included. 
Bulletin 108 deals with pulse forming 
networks and delay lines. The operat- 
ing principle of these units, common 
applications and construction details 
are described. Typical circuits show- 
ing the arrangement of multiple ca- 


pacitor and coil sections are presented. 


Micamold Radio Corp. 1087 Flush- 
ing Ave., Brooklyn 37, N. Y. 


let, 24 pp, describes the principle, de- 


sign and operation of hydraulic-mag- | 
Included are 


netic circuit breakers. 
time delay curves, impedance charts 
and other data. Diagrams illustrate the 
text. Heinemann Electric Co, 725 
Plum St., Trenton, N. J. 


1/2 ACTUAL 
size 


ABSOLUTE & 
DIFFERENTIAL 
PRESSURE 


| ACCELEROMETER 


(U-134) CiRCUIT BREAKERS—Book- | 


Technical Bulletins on Request, Dept, 304 


6. &. PATENTS PENDING 
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USE TIME-SAVING COUPONS BELOW 


... to request further information on 
all products advertised in this Handbook Section 


... fo request your copies of product catalogues 
and bulletins listed and described in this section 


(You will find similar coupons at the end of each Handbook Section ) 
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Air and Oil Cylinders In Industrial 
Applications by Elmer F. Heiser. 
754 х 101% іт., 122 pp. Published 
by The Industrial Publishing Co., 
1240 Ontario St., Cleveland 13, 
Obio. $5. 


This volume is devoted exclusively 
to fluid power cylinders. It attempts to 
answer some of the most frequently 
asked questions and problems encoun- 
tered in working on cylinder design, 
selection and application. It contains 
twenty-one well illustrated chapters. 
One chapter, “Cushion Limitations 
and Variations,” is a practical treat- 
ment which describes the subject in 
detail. There are other chapters de- 
voted to Ordering Information, Oper- 
ating Speed, Shock, Mounting Clear- 
ances, and Air Power-Oil Control. A 
final chapter has twelve short case 
histories of applications. 

A ten-page appendix contains com- 
monly used charts and tables, includ- 
ing J. I. C. Hydraulic and Pneumatic 
component symbols. 


Hydraulic Systems & Equipment by 
R. Hadekel. 6 x 9 in., 224 pp. Pub- 
lished by the Cambridge Univer- 
sity Press, 32 East 57th St., New 
York 22, N. Y. $3.75. 


Material contained in the publica- 
tion is based on the reader having a 
fundamental knowledge of the ele- 
ments of fluid mechanics. it covers 
that ground which can make use of 
known data to solve oil-hydraulic prob- 
lems peculiar to specific applications. 
By treating generalized problems, the 
author attempts to lead the reader 
through a reverse path to the under- 
standing and solution of particular 
problems. 

The contents of the book are di- 
vided into fourteen chapters with a 
bibliography which offers several help- 
ful reference suggestions to readers 
concerned with hydraulics for control 
and positioning applications. Subject 
matter discusses first the basic elements 
of hydraulic systems and then pro- 
gresses into the field of control gear 


[no 


principles and circuit principle. In 
sequence follow chapters on idling 
problems, open center and all types of 
systems, pilot and electrical control, 
automatic sequence systems, power 
economy and energy storage, variable 
delivery pumps and continuous mo- 
tors, control of load, speed and posi- 
tion, general design considerations, 
seals, jacks and accumulators, valve 
design and piping. 

Of special interest is the chapter on 
control of load, speed and position and 
that on general design considerations. 
While the latter chapter discusses the 
hydraulic system as a whole and the 
factors involved in selecting pressures 
and components, the control chapter 
gets into hydraulic control systems 
which are of increasing importance to 
designers of hydraulic equipment. 


Compressible Fluid Flow, Vol. II 
by Ascher E. Shapiro. 6 x 9 in., 
1,185 pp. Published by The Ronald 
Press Co., 15 East 26th St., New 
York 10, N. Y. $16 (2 vol. set— 
$30). 


The book contains material of in- 
terest to aeronautical engineers, me- 
chanical engineers, chemical engineers, 
applied physicists and applied mecha- 
nicians. The discussions are based on 
a combination of physical reasoning, 
theoretical treatment, and empirical 
results, with the basic objective of 
making a book of practical value for 
engineering purposes. All important 


results have been reduced to chart 
form. 

In this volume are treated three- 
dimensional supersonic flows past 


wings and bodies of revolution; hyper- 
sonic flows; flows containing both sub- 
sonic and supersonic regions; transonic 
flows; unsteady flow in one dimension, 
including continuous wave motion and 
moving shocks; theoretical and experi- 
mental surveys of friction and heat 
transfer in laminar and turbulent 
boundary layers for external and in- 
ternal flows; and the interaction be- 
tween boundary layers and shock 
waves for various types of flow. 


Compressed Air Handbook. Com- 
piled by the Compressed Air and 
Gas Institute. 6 x 9 in., 384 pp. Pub- 
lished by the McGraw-Hill Book 
Co., Inc., 330 West 42 St, New 
York 36, N. Y. $8. 


This second edition—with many 
new illustrations, charts and tables— 
features information on recent ad- 
vances in displacement-type compres- 
sors and recently developed mainte- 
nance techniques. Also, information 
presented in the first edition has, in 
some instances, been revised or 
changed to keep up with advance- 
ments in the field of compressed air. 

The first section deals with typical 
applications of compressed air and gas. 
Scme 50 different industries are cov- 
ered. At the end of the chapter is a 
partial list of possible applications of 
compressed air which have been met 
and for which machines have been 
applied in these various industries. 

The 83-page second section is di- 
vided into two parts: (1) air-operated 
portable tools and accessories; and (2) 
air-operated rock drills and accessories. 
The various portable tools are dis- 
cussed as well as couplings and air hose 
fittings, and tool care. The larger rock 
drills are similarly discussed with addi- 
tional information on pumps, line oil- 
ers, drill testing and the number of 
tools that can be operated from vari- 
ous size Compressors. 

Section three—The Compressor- Air 
System—is concerned with compressor 
installation, capacity and equipment. 
Such factors as the number and loca- 
tion of compressors; regulation and 
distribution of air; causes, effects and 
remedies of low pressure; and com- 
pressor accessories, are explained. 

Sections four and five deal with 
compressor types, installations and 
fields of application. All types of posi- 
tive-displacement and dynamic-type 
blowers and compressors are covered. 

The final section sets up engineering 
data and test procedures for the com- 
pressors. Also included are a number 
of charts and tables that tend to sim- 
plify the calculations for pipe friction, 
orifice discharge, and other factors. 
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From: lOth National Conference on Industrial Hydraulics 


Heat in 


Hydraulic Circuits 


NOTE: Conductivity thru soft steel is 3IO times the 
conductivity thru non circulating oil 
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Material 


1—Heat conductivity of metals and water compared to noncirculating oil. 


JAMES K. DOUGLAS 


Development Engineer 
The Oilgear Company 


EXCESSIVE HEAT STORED IN hy- 
draulic fluids can seriously affect the 
operation of a hydraulic system. It may 
cause the hydraulic fluid to become to 
thin or cause the working parts of 
various components to bind as a result 
of differential expansion. To avoid such 
conditions, heat must be dissipated. 
Obviously, this requires some estima- 
tion of the amount of heat generated. 

With such knowledge, the designer 
can determine the capacity of equip- 
ment needed for artificial cooling; or if 
artificial cooling is not permitted, the 
amount of surface area needed to dis- 
sipate the heat naturally. 

By determining the operating tem- 


J2 


perature that will be obtained through 
natural dissipation from the surface of 
the equipment prior to its construction, 
the many problems of artificial cooling 
such as cost, mounting position, availa- 
bility of cooling media, temperature 
regulations, valves and others may often 
be eliminated. The natural dissipation 
of heat, may be found in two ways: by 
analysis; or by analogy. 


Heat Dissipation by Analysis 


This involves the making of a de- 
tailed analysis of the radiation, conduc- 
tion and convection from all the sur- 
faces according to conventional formu- 
las. However, the method is lengthy 
and complicated and the calculated 
temperature is usually far from the 
actual temperature. The major problem 
involves making proper allowances for 


radiation, conduction and convection 
of the various types of materials, wall 
thickness, color of paint, thickness of 
paint and position of the surfaces, such 
as surfaces which face down, or up, or 
are vertical. The heat dissipation from 
the bottom of an oil reservoir which is 
several inches above the floor and which 
has uncertain ventilation is difficult, at 
best, to calculate. 

The largest problem however, is the 
difficulty of determining the transfer 
of heat from oil to metal surfaces. Oil 
is a poor conductor compared to water 
or metals. Fig. 1 shows the relative con- 
ductivity of various substances. Note 
that the conductivity of heat through 
soft steel is 310 times that through oil. 
The conductivity through water is 3) 
times that through oil. In fact, a 1 in. 
thick layer of noncirculating oil is as 
good an insulator as a 4 in. thick layer 
of fibrous rock wool insulation. Oil does 
not conduct heat in any appreciable 
quantities and the dissipation of heat 
from oil to the surrounding surfaces 
is by convection. 

Oil has a distinct disadvantage com- 
pared to water with respect to convec- 
tion. The high viscosity of oil causes 
it to form a layer of thick oil on cold 
surfaces which insulates the surfaces. 
Water will move off a cold surface by 
its own convection tendencies, but with 
oil, the colder the surface, the more the 
oil sticks to the surface and the thicker 
the layer of viscous oil becomes. In 
some instances, as a cooler transferring 
heat from oil to cold water, a point is 
reached where the more water run 
through the cooler, the less heat trans- 
fer occurs. The reason: if the water 
coming out of the cooler is too cold, 
it forms a thick oil film on the cold 
surface that insulates the tubes making 
them ineffective. Oil, besides being a 
poor heat conductor is also a poor heat 
convector. 

Since convection is important, the 
analysis of convection conditions in a 
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reservoir requires that the direction of 
oil flow, velocity of oil flow, viscosity 
characteristics and temperature distri- 
bution, through the reservoir be deter- 
mined. Each of the four variables affects 
the other three, and since all four varia- 
bles are different for various reservoir 
locations, the analysis is complicated 
and subject to error. For these reasons, 
heat dissipation is more readily deter- 
mined by analogy. 


Heat Dissipation by Analogy 


The method of approach to the solu- 
tion of the problem consists of compar- 
ing the conditions of a new machine to 
those of machines of known character- 
istics. The heat transfer area of the new 
machine must be calculated and the oil 
circulation conditions must be com- 
pared to those of the known machine. 
These data may then be applied to the 
curves of the known machine to esti- 
mate the heat dissipation rate of the 
new machine. 


ACTIVE OIL CIRCULATION: For the 
curve of Fig. 2, an Oilgear DSC-88 
pump was selected as a typical machine 
for determining the heat dissipation 
rate. The unit has a cast iron casing 
with 2$ in. thick walls and is painted 
machine-tool gray. It contains an aux- 
iliary gear pump, in addition to the 
piston pump and piston motor. The 
auxiliary pump has an intake and dis- 
charge system arranged to force circu- 
lation of oil through the entire reser- 
voir. Reservoir oil capacity is 4 gal. 
The pump has a delivery of 8 gpm. 


Square feet of external surface 
From oil through steel to oir 


Required to transmit | hp of heat energy 


Thus the entire volume of oil in the 
reservoir circulates through the system 
once every 30 sec. This is known as 30 
sec interchange. 

Oil turbulence in this unit is suf- 
ficient to simulate the heat transfer 
conditions in pipes and valves. In de- 
termining the natural dissipation of 
heat from pipes and valves the active 
oil circulation curve may be used. 


MODERATE OIL CIRCULATION: For 
the curve of Fig. 2, an Oilgear DH-811 
pump and motor base was selected as 
a typical unit for determining the heat 
dissipation rate. Reservoir of this unit 
is made of 1⁄4 in. thick steel plate. A 
vertical baffle runs lengthwise down 
the center of the reservoir. The aux- 
iliary pump has an intake on one side 
of the baffle and discharge on the other 
side, forcing the oil to circulate through 
the full reservoir length. Reservoir has 
a 22 gal capacity. Pump has a capacity 
of 744 gpm, forcing complete reservoir 
recirculation once every 3 min. This 
is called 3 min oil interchange. 

The curves of Fig. 2 represent the 
number of sq ft of external surface 
necessary to dissipate one hp of heat 
energy at various oil temperatures. 
They were developed by making dy- 
namometer runs on the two pumps 
selected as typical machines at various 
loads. Heat generated within the trans- 
missions was determined by the differ- 
ence in horsepower between rhe input 
and output shafts. 

The curves were developed for use 
with hydraulic units of the general type 


+ 
NOTE. include the entire external surfoce - 


bottom, ends and fop. Of  3OO say- 
bolt at IOO F. The internal surface . 
which contacts the oil is about 50% 


` Of the external surface 





Oil temperature above ambient -°F 


‘ig. 2—Area required to dissipate 1 hp of heat energy for various temperatures 
above ambient temperature for 30 second and 3 minute interchange. 
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made by the Oilgear Co. However, with 
the proper exercise of good judgement 
the curves may also be applied with 
good results to many other types of 
hydraulic units. 


Calculation of Dissipation Rate 


The main oil containing surfaces are 
the ones to consider. Pipes and valves 
that have an oil flow of about 5 fps or 
greater should have their external sur- 
face areas determined and added to 
other components having moderate oil 
circulation. 

Hydraulic cylinders vary in their heat 
dissipation characteristics. Some cyl- 
inders move slowly and do not expel 
much oil to the reservoir; for example, 
the steering gear on a ship. These cyl- 
inders are non-differential and the oil 
passes from one cylinder, through the 
pump to the other cylinder and back 
Although motion is continuous, the 
speed is slow and the cylinders remain 
cool. In these and similar instances, the 
cylinders and most of the piping must 
be excluded as a heat dissipating sur- 
face. 

On the other hand, some press cyl- 
inders use surge valves in which a new 
batch of oil is received from the reser- 
voir each stroke. In these and similar 
instances, the press cylinder can be 
included as a heat dissipating surface 
although an estimate of its effectiveness 
must be made. 

A rotary hydraulic motor that runs 
at an appreciable speed—about 50 per 
cent or more of its rated speed—is 
usually considered as an active oil circu- 
lator. Other machine parts such as 
planer beds, columns, frames, cross rails 
and electric motors are not included 
Also, bumps and projections of metal 
such as control handles, control rods, 
filler pipes and similar items are not 
considered unless close to an area of 
active oil circulation. 

The major problem is getting heat 
from the oil to the metal surface. Ir- 
regularities near active oil circulation 
will accomplish this purpose; moderate 
oil circulation will not, therefore, only 
irregularities in or near active oil may 
be included as heat dissipation surfaces. 
The moderate oil circulation curve in- 
cludes an average amount of irregu- 
larities so flat surfaces may be assumed 
for the areas of moderate circulation. 

Reservoir bottoms are included in 
both curves even though circulation 
on the bottom is normally poor. The 
reservoir bottom is, however, consid- 
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ered significant and to obtain compar- 
able figures for using the curves of Fig. 
2, the bottom of the new machine must 
be included. 

After the active and moderate oil 
circulation areas have been completed 
they are added separately and the totals 
compared to determine where the curve 
may be located on Fig. 2. The curve 
of the new machine will be parallel to 
the other two lines but its location will 
be raised or lowered by the degree of 
oil circulation. Usually the new curve 
will fall between the curves of Fig. 2. 
If there is considerable reservoir area 
with poor circulation the curve may 
be quite high. 

Once the curve is located, the num- 
ber of sq ft of surface needed to dissi- 
pate one hp of heat at various oil 
temperatures will be known. The 
amount of heat being generated by the 
components must then be determined 
before the final operating temperature 
can be known. 


Heat Generation 

“AUXILIARY PUMPS: These pumps 
may be defined as units where the en- 
tire input generates heat. An example 
is the auxiliary pump, mounted on the 
main drive shaft of a piston pump, the 
delivery of which is used to supercharge 
the system, lubricate the piston pump 
when it runs at zero delivery for long 
periods of time, operate the filter, shift 
valves, and control the pump stroking 
mechanism. 

All of these functions are essential 
but produce no external work and, 
therefore, the entire energy produces 
heat. The oil flow through the filter pro- 
duces turbulence in the flow control 
and filter element which results 100 
per cent in heat. Even shifting valves 
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develop 100 per cent heat because all 
the work done in shifring the valve 
plunger goes into overcoming friction 
on the plunger walls and overcoming 
the hydrodynamic forces in the oil. The 
pump stroking mechanisms merely 
overcome friction that results in heat 
in the pump Casing. 

Not only is the entire output heat 
producing but also the entire input. 
Since over-all efficiency of some aux- 
iliary pumps is as low as 45 per cent 
the input losses are sometimes ap- 
preciable. 

Heat generated by an auxiliary pump 
may be determined from Fig. 3. The 
area below the 100 per cent efficiency 
line represents the heat loss caused by 
the output delivery of the auxiliary 
pump. The area above the 100 per cent 
represents the additional heat caused 
by the input which depends on the 
pump efficiency. 


POWER PUMPS: These may be de- 
fined as units that do external work 
which does not result in heat in the 
hydraulic circuit. Only the losses in 
power pumps cause heat. 

Heat generated by power pumps may 
be determined from Fig. 4. Again, the 
approximate pump efficiency must be 
known. Most piston-type power pumps 
have an over-all efficiency between 85 
and 91 per cent. The over-all efficiency 
varies with pump pressure, pump speed 
and oil viscosity. 


PIPES: Heat is caused by turbulence 
and viscous friction of the oil. Fig. 5 
shows, with reasonable accuracy, the 
heat generated in pipes. 

If the flow rate of the oil and the 
pipe size are known, they can be ap- 
plied to the lower scale and sloping line 
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Fig. 3—Heat generated by various sizes of auxiliary pumps. 


J4 


6 


Rote of heot generotion per IOO psi 


о 
о 


18 20 (1000 СРМ) 


Hp 1055 ғ 


о 20 30 40 5 


4 


Table I—Viscosity vs Head Loss 


Head Loss in Per cent 


Viscosity, of Head Loss at 


SSU 


on Fig. 5 to find the hp loss per foot of 
pipe. If the flow is not continuous, all 
allowance must be made for flow varia- 
tions. Multiplying this loss by the pipe 
length produces the total pipe losses. 
This is correct if the oil viscosity is 
200 Saybolt seconds at the operating 
temperature. 

If the operating viscosity is different 
a correction must be made. If the flow 
is in the viscous region of Fig. 5, the 
resistance will vary in a direct propor- 
tion to the viscosity, so a direct pro- 
portion correction in hp loss should 
be made. If the flow is in the turbulent 
or the critical areas, the pipe losses 
between the limits of 100 SSU and 
1,000 SSU vary approximately accord- 
ing to the formula: 


P=CS 


where P is the pressure drop in per 
cent of head loss at 200 SSU, C is a 
constant and $ is the saybolt viscosity. 
Table 1 gives values of correction for 
various viscosities. 


Formula | ——1 T 


CIPM x psi (!- eff) 
396,000 x eff 


60 70 80 290 100(GPM) 


a. 9. oer 1# 20 OOO CIPM) 


Delivery of Pump 
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Fig. 4—Heat generated by various sizes of power pumps. 
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THROTTLES: These may be defined 
as any device which causes a restric- 
tion greater than that normally caused 
by piping. This includes flow control 
valves, pressure reducing valves, relief 
valves, and directional valves that 
throttle while changing oil direction. 
The heat generated may be determined 
only when the pressure drop across 
the device, oil volume through the de- 
vice, and time duration of throttling 
are known. Once known, the pressure 
and volume can be applied to the 100 
per cent curve of Fig. 3, and the result 
multiplied by the time duration func- 
tion to determine the rate of heat gen- 
eration. 

Throttles usually generate so much 
heat, forced cooling is often required. 
Hydraulic drives using variable de- 
livery pumps accomplish the reversing 


aa 
FAL 





Power loss - hp per ft of pipe 
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motions and speed variations by pump 
control and forced cooling is usually 
not required. 


VALVES AND FITTINGS: Charts are 
available that permit the conversion 
of valve losses into equivalent losses 
of straight pipe. 


Example of Determining 
Operating Temperature 
A ship is to be steered by a variable 
delivery pump and no forced cooling 
methods will be allowed. How large 
must the oil reservoir be to expel all 
the heat by natural heat dissipation? 
The pump must deliver 35 hp at 
1,100 psi and 56 gpm. The pressure 
differential while steering, will vary 
continuously between 0 and 1,300 psi. 
This will be equivalent to a continuous 
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5—Heat generated in pipes for viscous, 


critical, turbulent flow regions, 
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pressure of 200 psi at 1 gpm. At such 
low power the pump over-all efficiency 
will be about 70 per cent. 

Using Fig. 4, the heat generated is 
0.02 hp per 100 psi. For the example 
pump this is 0.04 hp for the 200 psi 
operating pressure. To use the curves 
at these low values divide both scales 
by 10. 

The auxiliary pump has a volume of 
9 gpm, pressure 150 psi and efficiency 
of 60 per cent. Using Fig. 3, the heat 
generated is 0.89 hp per 100 psi. for 
the example pump, this is 1.3 hp for 
150 psi operating pressure. 

The pipes and valves are large 
enough to handle the full 65 gpm but 
the average flow of | gpm continu- 
ously is so small that these losses may 
be neglected. Therefore, the total heat 
generated is: 

0.04 4- 1.3 — 1.34 hp 


The radiating surface will be only 
the sides, bottom and top of the pump 
and reservoir. Since the cylinder system 
is non-differential, the oil will flow 
slowly from one cylinder through the 
pump into the other cylinder, not gen- 
erating heat nor picking up hot reser- 
voir oil. The pipes and cylinders will 
remain relatively cool and cannot be 
involved as heat dissipators. The elec- 
tric drive motor is a separate unit 
which dissipates its own heat and may 
be disregarded. 

Since the oil interchange rate of the 
selected pump will be once in 3 min, 
the Moderate Oil Circulation curve of 
Fig 2 should be used. Room tempera- 
ture will be 70 F, and an oil tempera- 
ture of 130 F is desired. Temperature 
rise above ambient will be: 

130 —70 = 60 F 

The Heat Transfer, Fig. 2, indicates 
that 31 sq ft is needed to dissipate 
each hp of heat energy at 60 F above 
ambient. Since 1.34 hp must be dis- 
sipated, the surface area of the pump 
plus reservoir must be: 

1.34X31=41 sq ft 


Experience has indicated that the 
temperature estimated by this method 
has been within 4 F of the temperature 
actually obtained. 


REFERENCE: 

Heat: Its Generation and Natural Dis- 
sipation in Hydraulic Circuits, by James K. 
Douglas, Oilgear Co., Milwaukee, Wis.; pre- 
sented at the Tenth National Conference on 
Industrial Hydraulics, Chicago, Illinois, Oc- 
tober, 1954, 
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NOMENCLATURE 


b=width of plate 

h=distance between plates 

J = mechanical equivalent of heat 

L=length of plate 

1-distance along the plate measured from entrance 
of flow passage 

Ap difference in pressure between that at entrance 

and that at exit of flow passage 


Q =net flow in units of volume per unit time 


Subscripts 1 and 2 are used in connection with the 
coefficient of viscosity u to denote its initial value at 
entrance to the flow passage. If the net flow is to the 


right, Figs. 1(B) and (C), the initial value of u is u. 
If the net flow is to the left, Fig. 1(A), the initial value 


U=velocity of the moving plate 
C,=specific heat of the liquid 
۾‎ = density of the liquid 
pn» coefficient of viscosity of the liquid 
8 = viscosity-tempcrature coefficient in the equation 
n 7 u,& Br; 
where T is the temperature, 


ute is the viscosity coefficient at zero degrees, and 
e is the base of the natural logarithms. 


viscosity is called ;4, but we is implied whenever the 
flow conditions require it. 

In a corresponding manner, the sign of Ap is estab- 
lished. If p: is greater than p, Figs. 1(A) and (B), 


Ар is positive, and if p, is greater than p», Fig.1 (C), 


of и 18 цә. 


In the discussion, the initial value of the 


Ap is negative. 


Optimum Clearances In 


Pumps and Hydraulic Motors 


WARREN E. WILSON 


Pennsylvania State University 


THE EFFICIENCY OF A positive dis- 
placement pump or hydraulic motor 
depends upon the slip flow and the 
drag developed by moving surfaces. 


To obtain good efficiency, it is essen- 


tial that the magnitude of the clear- 
ances in slip passages be proportioned 
in a manner such that the energy losses 
are kept to a minimum. 


The slip flow and the drag on the 


moving elements can be determined on 
the basis of a theory of laminar flow 
that takes into consideration the inter- 
nal heating of the liquid and conse- 


quent reduction in viscosity. 


A flow passage such as might exist 


at the tip of a gear tooth, the tip of 
a vane, or around a piston is idealized 
in Fig. 1. The fixed surface represents 
a housing, a division plate, or a cylin- 
der wall. The moving surface might 
be a gear or vane tip or a piston. 

The flow caused by the pressure is 


defined as the slip. This slip may be 


J6 


either in the direction of motion of the 
moving surface or opposed to it, de- 
pending upon the direction of the 


pressure gradient. 

The net flow between the two plates 
is the algebraic sum of the shear flow 
and the pressure flow. The shear flow, 
produced by the relative motion of 


the two plates, is represented by the 
linear velocity profile in Fig. 1. The 
pressure flow, produced by the differ- 
ence in pressure between points 1 and 


2, is represented by the parabolic ve- 


locity profile. The direction of the 


net flow Q is in the direction of the 
arrow. 
By employing three dimensionless 


parameters 
v=A pB/J pC, (1) 


8—28 u, UL/J p C,h*® (2) 
a=20/U bh (3) 


The flow can be described by 


и 3a(a — 1) 
” |: See | е 


log. \ 1+ (0/a) [ 1+3la— >] (4) 


In Eq (4), the upper sign applies to 
net flow to the right in Fig. 1 and the 
lower sign to net flow to the left. The 
definitions of the terms in the param- 
eters are given in the accompanying 
nomenclature. 

It has been shown (Ref. 1) that 
the viscosity can be expressed as a 
function of the location along the 
plate thus 


í В ш 
ugu/414 
UN. ОГО 


Ub, fs Ub Ll, 
Ё P(o- 5 M (5) 


Using Eq (5) for uw and defining its 
average value thus 


L 
Mas = J и a | L 


there is obtained by integration 


х 


Hay _ log. {1 = (@/a)[1+3(a—1)?}} 
M1 (8/a) [14-3 (a--1)!] 


The flow described by Eqs (4) and 
(6) is shown in Fig. 2 and 3. In Fig. 
2, the functional relationship among 


the variables a, 0 and y is shown. The 


(6) 
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(a) 


(2) 
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M, P; 


(с) 


‘ig. 1—Component flows and net flow in an idealized flow passage. The net flow Q between the two plates is the alge- 
braic sum of the shear flow and the pressure flow. Fixed surface may be a housing, a division plate, or a cylinder wall. 


direction of the net flow is indicated in 
each quadrant of the chart by the 
arrow associated with Q in the flow 
diagram. 

In the upper left hand quadrant, 
the flow is primarily a pressure flow 
to the left. In the upper right hand 
quadrant, the net flow is to the right 
and is less in magnitude than the 
shear flow alone. In the lower right 
hand quadrant, the net flow is to the 
right with shear and pressure flow 
adding. 

In Fig. 3, the relationship among the 
quantities 0, y, and the viscosity ratio 


Adiabatic flow 
= /sothermal flow 


Mav/#, is shown. The lines marked 6 
equals 0 represent a flow resulting from 
pressure only with the velocity U equal 
to zero, since in a real situation @ 
equals zero only when U is zero. 

These curves indicate a decrease of 
viscosity with increasing pressure with 
an asymptotic approach to zero vis- 
cosity as the pressure increases. This 
flow is shown in Fig. 2 by the point 
a = 1, y = O. The curves to the left 


of the line y equal 0 describe the situ- 


ations with a net flow to the right. 
These correspond to the curves of the 
lower right hand quadrant of Fig. 2. 


As the pressure differential decreases, 
y decreases, the flow becomes a pure 
shear transport at y equal to zero, and 
its magnitude is unaffected by the vis- 
cosity, remaining constant and equal to 
U b b/2. 

The curves in Fig. 3 for y greater 
than zero describe net flow to both left 
and right, corresponding to flow shown 
in the upper left and right hand quad- 
rants of Fig. 2. As the positive pressure 
differential decreases, corresponding to 
movement to the left along the lower 
branch of the curves, a decreasing net 
flow is indicated. Ultimately, the net 


Fig. 2—Functional relationships among the variable parameters for viscous flow between parallel plates, one of which 
is fixed and the other moving. The direction of the net flow is indicated by the arrow in each of the flow diagrams. 


Product Engineering — Mid-October, 1955 


J7 





tlow approaches zero as a result of the 
balancing of shear flow to the right 
and pressure flow to the left. The heat- 
ing of the liquid is then so great that 
the viscosity approaches zero. These 
curves are shown passing through the 
point y = 0, u,,/p, — O. 

In a real situation, however, some 
heat would be dissipated and the vis- 
cosity would be greater than zero. The 
flow would then be described by the 
branch of the curves of Fig. 3 pass- 
ing through the point 0, 0 and inter- 
secting the vertical axis at some value 
of the viscosity ratio greater than zero. 
This corresponds to the curves of the 
upper right hand quadrant of Fig. 2. 
This region is one of great flow in- 
stability and represents the flow in 
many slip passages of pumps. 


Flow In Motors 


The more stable flow, corresponding 
to negative values of y occurs prin- 
cipally in motors. This flow is de- 
scribed in the lower right hand quad- 
rant of Fig. 2 and the portion of Fig. 5 
to the left of the viscosity ratio axis. 

The total force F required to main- 
tain the motion of the plate at the 
speed U can be determined by con- 
sidering that 


F= f" a (U/R) bdl (7) 


Substituting Eq (7) in the expres- 
sion for viscosity as a function of the 
location along the plate and integrating 
results, an equation is obtained that 


can be simplified to read 


Ub L h 15) 


F =y 


A corresponding manipulation of 
Eq (4) yields the following expres- 
sion for the rate of flow Q between the 
plates 


Ubh (m = р») bh 


+ (9) 
2 12 por 1 


Ф 

The flow resulting from pressure 
represents a loss in effectiveness of the 
pump or motor. It reduces the deliv- 
ery of the pump or it increases the 
flow to the motor. This flow, the 
slip, is the second term of Eq (9). 
Designating this slip by Q, 


@,=(A p b h®)/(12 uar I) (10) 


The drag F resulting from viscous 
friction also represents a loss of effec- 
tiveness since the energy to maintain 
the motion at the speed U must be 
supplied at the expense of the useful 
work of the pump or motor. There- 
fore, the power loss P;, which occurs 


Js 


in a single slip passage, may be ex- 
pressed as 


P,=Q,Apt+F U (11) 


Substituting Eqs (8) and (10) in 
Eq (11) 


Mas UF OL 
h 


Pra (A p)? bh? L 


- (12) 
12 pur L 


As has been shown (Ref. 2), the 
power loss P; has a minimum value 
for an optimum value of the clearance, 
if the viscosity remains constant. This 
situation will be referred to as the 
isothermal case since, if the tempera- 
ture were constant, the viscosity would 
remain constant. Under those circum- 
stances, the optimum value of the 
clearance 4,; (subscript o indicates op- 
timum and subscript + isothermal) is 
given by 


hoi = ¥ (2 u UL)/(A p) (13) 


Using the relations expressed by 
Eq (13), the power loss Eq (12) 
can be reduced to 

p j^ b , 

Р, (A p)? bho: x 


12 Mi L 

ә еә] o 

The optimum value of the clearance 
ratio b/b can be determined graph- 
ically from Eq (14). The graphs in 
Fig. 4 are presented for this purpose. 

For the isothermal case, poy/py 
equals one and the optimum value of 
b/ boi is one; thus the sum of the terms 
in the bracket of Eq (14) has the 
value 4, or the minimum that is possi- 
ble. The optimum power loss P;,, 


under isothermal conditions then is 


P, (A р)? Ь А. 21/03 ш L) (15) 


Then from Eqs (14) and (15), the 
ratio of the power loss P; for any value 
of b/b,, to the power loss P; is 


Pii E =) ' 
Pn. 9 h i 
ЗА ) (| (16) 
h Mi 


Since Eqs (6) and (16) do not 
permit a direct analytical determina- 
tion of an optimum value of the clear- 
ance ratio 4/h,; when conditions are 
not isothermal, the curves in Fig. 4 ave 
presented to provide a graphical means 
of determining the optimum value of 
this ratio. 

The data plotted in Fig. 4 were ob- 


tained by combining: (1) The rela- 
tionships expressed by Eqs (1), (2), 
and (13) to obtain 


(2 ш UL) (A p RO =1 =0, v (17) 


(2) The relationships defined by the 
parameter @ to show that 

i Bm U L) (^) 

J pC, hos? h 

829, (ho: /h)? (18) 
(3) The viscosity relationships as ex- 
pressed by Eq (6), which in turn are 
represented in Fig. 3. 

Values of the ratio b/b; and the 
parameter y were assigned. The cor- 
responding value of 6,;, equal to y in 
accordance with Eq (17), was inserted 
in Eq (18) and the value of 0 com- 
puted for each value of 5/b,. With 
these values of 6 and the assigned value 
of y, and the aid of Fig. 3, the corre- 
sponding values of the ratio por/py 
were determined. 

These values of pg, /m, were used іп 
Eq (16) to determine the magnitude 
of the ratio P,/P,,, In Fig. 4, this 
ratio is shown as a function of the 
clearance ratio 5/b,, for constant y. 
This plotting provides a basis for a 
rational design procedure. 


Design Procedure 

The simplicity of this design method 
depends upon the use of the dimen- 
sionless parameters 0 and to express 
the operating conditions and the char- 
acteristics of the slip passage to be 
designed. 

It is assumed that the physical di- 
mensions, except the clearance, are dic- 
tated largely by considerations other 
than minimum power loss associated 
with the passage. The liquid is as- 
sumed to have been selected by the 
designer or otherwise specified. The 
speed of rotation and pressure differ- 
ential are also considered to be other- 
wise determined. Under these circum- 
stances, the following quantities are 
known or may be calculated readily: 


U = velocity of moving plate 
L —length of plate 
h = width of plate 
(„= specific heat of liquid 
Ap = pressure diferential across plate 
J =mechanical equivalent of heat 
u initial value of coefficient of vis- 
cosity of the liquid at entrance to 
the flow passage 
8 =viscosity-temperature coefficient 
p=density cf the liquid 


With these values known, y and Po; 
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can be calculated directly from Eqs (1) 
and (13). Reference to Fig. 4 will re- 
veal the nature of the variation of the 
power loss with the clearance 5. If the 
value of y is less than about 0.4, there 
exists a value of 5/5, not significantly 
less than unity, that yields a power loss 
less than that for any clearance other 
than extremely small clearances of the 
order of 0.1 4/4,;. The significance of 
this fact is twofold: 

1. It is possible to use comparatively 
large clearances, of the order of Poi, 
when very small ones would be too 
costly or when slightly larger losses 
are tolerable. 

2. Extremely small clearances are 
needed to get very high efficiencies. 


If the value of y exceeds 2, the 


optimum clearance is the least clear- 
ance physically possible. To cite a 
rough estimation, a value of y equal to 
| corresponds to a differential pressure 
of approximately 5,000 psi. This indi- 
cates that when Af is less than 5,000 
psi, a good design can be obtained 
with clearances not materially less than 
the optimum isothermal clearance. 

If very high efficiencies are sought 
by making clearances exceedingly 
small, of the order of 0.1 5/b,;, consid- 
erable difficulty can be expected in 
avoiding metal to metal contact and 
consequent large losses as the result of 
dry friction. 

In determining the 


viscous fric- 





Fig. 3—Relationship among two variable parameters and the viscosity ratio 
for viscous flow between parallel plates or slip passages of pumps and motors. 





i 


| 


Mh 


Mh,i 


Fig. 4—Curves for determining the optimum value of the power loss ratio 
when conditions of flow between two parallel plates are not isothermal. 
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tional drag and slip for designs that 
are not necessarily optimal, Fig. 3 is 
extremely useful. Such designs are fre- 
quent, since pumps often handle many 
different liquids under various oper- 
ating conditions and the particular 
pump geometry is correct only for one 
combination of circumstances. 

If all the dimensions of a slip pas- 
sage are known and the operating 
conditions, in terms of speed, pressure 
differential, and viscosity at the intake 
are known, it is then possible to com- 
pute the slip and drag. 

The calculations leading to the de- 
termination of these two quantities are 
direct and simple. First ô and y must 
be computed; Eqs (2) and (1) re- 
spectively. Using these values and Fig 
3, the value of &,./p, can be found. 
This quantity is substituted in Eqs (8) 
and (10) to find the drag and the 
slip respectively. The sum of the power 
losses for the individual passages will 
be the total loss for the pump or 
motor. In this manner, complete per- 
formance characteristics can be calcu 
lated over a range of values of speed, 
pressure and viscosity 


Using the analysis and procedure dis- 
cussed, the design of clearance in posi- 
tive displacement pumps and motors, 
taking into account the variation in the 
viscosity of the liquid as the result of 
internal heating, can proceed in a 
straightforward manner. Also, the lim- 
itations of the constant viscosity theory 


need not inhibit good design. 

The underlying the 
theory are such that deviations from 
them will, in general, result in flow 


assumptions 


conditions more nearly approaching 
those of isothermal situations. 
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From: Control Engineering 


A —Effective cylinder piston area. 
A, —Area of bleed hole in piston. 
a ~—Valve port area. 


a, —Exposed port area corresponding to E. Q 


C —Valve flow coefficient. 
E —Maximum valve displacement. 


E, —Static deflection under full load. 


—Error, (valve displacement). 
—Maximum cylinder lead. 
-Amplifier gain. 
Valve stiffness. 
-Jack stiffness. 


Amplitude ratio at resonant frequency. 


—Bulk modulus of fluid. 


P. —Cylinder diferential operating pressure. 
Maximum differential operating pressure. 


NOMENCLATURE 
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P, —Minimum pressure in cylinder. 
P, —System pressure. 
p —Laplace operator. 


Flow from valve tending to displace cylinder 


Q, —Saturated flow under maximum cylinder load. 
Q, —Saturated flow with no cylinder load. 
Q, —Saturated flow 


-Creep time. 


—System time constant. 

—Operating time under maximum cylinder load. 
-Operating time with no cylinder load. 
Cylinder stroke. 


-Input displacement. 


r, —Output displacement. 


w —Frequency. 


» —Resonant frequency of system 


New Techniques for 


Hydraulic Servo Design 


JAMES M. NIGHTINGALE 


Manchester, England 


DESIGN PARAMETERS FOR hydraulic 
position-control servos with cylinder- 
type actuators can be divided into two 
groups, those that relate to overall 
system response, and those that affect 
stability. Investigation of the latter in- 
volves a thorough dynamic analysis of 
the unit and its mountings. Since this 


Fig.1 (A) 


is often a difficult task and the results 
are not always reliable, it is usual to 
leave certain parameters for adjust- 
ment, so that the unit can be tuned 
under actual operating conditions. 

In contrast, factors affecting the 
main operating characteristics may be 
determined by ignoring such desta- 
bilizing effects as fluid compressibility 
and dynamic output loading. 

Two typical closed loop arrange- 


ments of a slide valve-cylinder com- 
bination are shown in Fig. 1. The use 
of negative feedback, either directly 
or through a linkage connection, en- 
sures accurate input-output relations, 
with the swamping of inherent non- 
linearities and also with suitable sta- 
bility characteristics. Power amplifica- 
tion is large, since the force accom- 
panying the input or command dis- 
placement need overcome only the 
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Fig. 1—Two closed loop arrangements of a slide valve-cylinder combination. In (A) the valve opening is a direct measure 
of error, while in (B) the opening error relation depends on the ratio of the differential levers. 
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Fig. 2—Flow variation as a function of error and operating 
Linear zone is bounded by maximum valve open- 
ing and by pressure corresponding to maximum and no- 
load conditions. Beyond linear zone flow is saturated. 


pressure. 


axial slide-valve forces. The slide valve 
can be of various configurations; two 
being of the cylindrical construction 
shown; and a balanced plate type con- 
struction in which the axial forces are 
negligible. 

In the unit shown in Fig. 1 (A), 
the valve opening is a direct measure 
of error since the command displace- 
ment, X,, directly actuates the valve 
stem and since the feedback is one-to- 
one, with the valve and cylinder bodies 
moving an amount equal to the output 
displacement. 

In Fig. 1 (B), the error-valve open- 
ing relationship involves lever ratios, 
with the relative movement and feed- 
back ratios depending on the ratio /, 
to lə. The results developed here for 
the design shown in Fig. 1 (A) also 
apply generally to the units using the 
lever differentials. 

Control systems using this kind of 
hydraulic servo amplifier are common 


in industrial and military equipment. 


Although the specific requirements of 
certain systems may add to or modify 
these basic designs, the fundamental 
operating principles and design factors 
still apply. Typical applications in- 
clude: automobile power steering; a 
valve actuator; a machine tool con- 
touring system; and an aircraft control 
surface actuator. 

In power steering, rotation of the 
steering wheel supplies the input dis- 
placement to the valve, while the out- 
put displacement positions the tie rod. 

The valve actuator consists of two 
hydraulic servo amplifiers in series, the 


Jn 


Error, e 


Output displacement, Xo 


o 


initial signal being a hydraulic pres 
sure proportional to desired valve posi- 
tion. The first amplifier output dis- 
placement drives the second amplifier 
slide valve, which in turn supplies oil 
to the main-valve cylinder to position 
the main valve. This is similar to the 
units shown in Fig. 1 ( B), since input 
and output displacement are compared 
by means of a linkage differential. 

The contouring system guides a tool 
in accordance with the shape of a 
template. The slide-valve stem is spring 
loaded against the template, causing 
the tool carriage to follow the correct 
contour as the axial feed drives the 
input follower along the template. 

In the last application, the pilot 
actuates the slide valve by means of 
mechanical links and cables from the 
control stick in the cockpit. The am- 
plifer supplies the power required to 
position the control surface in ac- 
cordance with his commands. 

The unknown parameters that must 
be determined are cylinder area, work- 
ing pressures, pump delivery, valve 
travel, and port area. These unknowns 
can be expressed in terms of known 
quantities that are fixed by the re- 
quirements of a specific application. 
These fixed quantities are system pres- 
sure, cylinder stroke, maximum cylin- 
der load, and various operating times. 
Usually the unknown quantities arc ex- 
pressed as lumped parameters rather 
than as separate factors. 

To determine the cylinder area, A, a 
suitable maximum operating differen- 
tial pressure, Pm, must be chosen. For 


Fig. 3—Output displacement over full stroke of cylinder as 
a function of time for one load condition. 
constant saturated velocity until valve starts to shut. Slope 
of curve may be varied by an increase or decrease in load. 


Piston moves at 


reasons to be discussed later, P, is 
usually fixed at 2/3 P,. Then 
A=F,,/P»=3F »/2P, (1) 

Assuming that the flow through the 
valve varies linearly with valve open- 
ing, flow can be expressed by 

(Q —Cae/E |(P, — P.)/2]! (2) 
In other words, the flow is equal to 
the square root of half the total pres- 
sure drop across the inlet and exhaust 
ports times the product of the flow co- 
efficient and the area of opening of 
the inlet (or exhaust) port. For a wide 
range of hydraulic fluids and orifice 
shapes C can be taken as equal to 100, 
if the quantities in Eq (2) are ex- 
pressed in lb-in.-seconds. 

The flow variation with error and 
operating pressure is shown in Fig. 2. 
From this diagram important 
points can be noted: 

The flow varies with operating pres- 
sure and hence with output load. For a 
no-load condition, the differential pres- 
sure, Pe, across the piston is zero (neg- 
lecting friction) so that the flow is a 
maximum for any given error. When 
the cylinder is driving the maximum 
load, the differential pressure, Pc, 
equals P,, so that the flow under this 
condition is a minimum for a given 
error. 


two 


For maximum valve opening the 
flow saturates. In terms of response 
this means that when the valve is only 
partially open, the unit is error-sensi- 
tive, but when the valve is fully open, 
the output moves at a saturated veloc- 
ity that varies only with output load. 
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The linear response region in Fig. 2 
extends to a point where the error 
equals the maximum valve opening, E. 
Beyond this point the flow is saturated 
and depends entirely on operating 
pressure and load. The saturated flows 
range from Q, for no load to Qm fot 
full load. 

A plot of time vs cylinder stroke for 
one load condition is shown in Fig. 3. 
Starting at one end of the stroke (as- 
suming that the valve opens instan- 
taneously), the piston will traverse the 
saturated flow zone (total stroke X 
minus maximum valve opening E) at 
a constant velocity in a time T,. The 
velocity decreases in the linear zone as 
the valve closes so that a total time 7 
is required to travel full stroke. An 
increase in load will decrease the slope 
of this curve (decrease saturated veloc- 
ity), thus operating 
time, while a decrease in load will in- 
crease the slope (increase saturated 
velocity ). 

Within the error-sensitive region, 
the system equations consist of Eq (2) 


increasing the 


and the following relationships. 
е= 1; — Т (3) 
dr,/dt - Q/A (4) 
These can be combined to give the 
overall transfer function 
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Table I—Summary of Basic Equations 


Equation No. (1) 


Cylinder 
area 


Determines 


Equation 


Controls. . - Operating 


pressure 


r,/ri —1/(l--T.P) (5) 
where the system time constant, Te, 
can be expressed by 

T, - EA/Ca|(P, — P.)/2]! (6) 

Assuming that the time requirec to 
traverse the linear zone, E, in Fig. 2 
is twice the time constant, then the 
total operating time for a half-cycle 
of full cylinder travel (full stroke in 
one direction) is approximately 

T =T,+2T, (7) 
and from Fig. 3 

T,=|(X —E)A}/Q, 

From Eq (6) 
2T,=2EA/Q, 


Substituting these equations in Eq 


(13) 
Valve port 
area 


Operating 


time 


(14) (15) 


Maximum 
saturated flow 


Valve 
travel 


Q-3F-X E= x 
2Р,Т 2rwT 


Response in 
linear zone 


Required pump 
delivery 


(7), the approximate total time can 


be expressed by 
T =|AX/Q,) [1+ E/X] (8) 


where Q, is the saturated flow for any 
given differential pressure P. and is 
given by 

Ф. =Са КР. Р.)2/% 


Equation (8) shows that by reduc- 
ing the ratio of valve opening to total 
cylinder stroke, E/X, the capacity ot 
the pumps required to give a speci- 
fied operating time can also be reduced 
Common design values of E/X range 
from 160 то Ме. Using these values 
the output can be considered saturated 
over the entire stroke, resulting in a 
nonharmonic frequency response for 


Fig. 4— Variation of operating times with ratio of 
maximum operating pressure to system pressure. 
Optimum P,, is selected to equal 2/3P.. 


Fig. 5—Neutral leakage past valve lands main- 
tains base pressure on both sides of piston even 
under no-load condition. 


Fig. 6—Hydraulic potentiometers. Valve overlap 
shown in (A) is unsatisfactory because of variation 
of flow with temperature. Use of bleed hole in 
piston, (B), and modified valve characteristic is 
better permitting better flow with temperature. 


— — ANS 


Pisfon orifice 


^ 
"7 Small! leakage 
through underiap 


Fig. 5 Fig. 6 (A) Fig.6 (8) 
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all frequencies exceeding a critical 
value. This wave distortion, caused by 
constant velocity following in the satu- 
rated range, is usually less important 
than power economy and, if desired, 
the critical frequency can be fixed 
above the normal operating frequency 
of the whole system. 

The operating time varies with the 
differential pressure across the piston 
and is shorter under a no-load condi- 
tion. Thus, for maximum load where 


P, equals P,, 
T, -AX/Q. — 


and for a no-load condition where P, 
equals 0 


T,—-AX/Q, —- (F,X)/CaP,,(P./2)* (10) 
Rewriting T, as a function of y in 
Equation (9), where y equals P,,/P, 
and similarly expressing T, as a func- 
tion of y in Equation (10). 

Tm =(F.X /CaP2")[2/(¥—y)}* (11) 

To = (F mX /CaP,*”)(2/y*} (12) 
The variation of Tm and T, with y or 
Pm is shown in Fig. 4. A logical pro- 
cedure is to minimize the operating 
time under the greatest cylinder load; 
that is, to make ӘТ„/ӘР„ ог ӘТ„/д, 
equal to zero. This is equivalent to 
making the sensitivity (defined as the 
ratio of output power to valve port 
area) a maximum when operating 
against the greatest output load. This 
yields an optimum value of y equals 
2/3 or Pm equals 2/3 P,. This is the 
value used in the previous calculations. 

Having determined an optimum 
value for P, it is now possible to 
calculate the valve port area from Eq 
(10). This relationship is used since 
usually T, rather than T,, is specified. 


Exposed port area 


FX 
— (9) 
a PP 

С.Р] —— | 


Solving this equation for the port area 
gives 
а =ЗЕ„Х /2с1Р,/2]#Р,Т, 
~0.02F,,X /T.P,*” 

Maximum flow is encountered under 
a no-load condition and can be ex- 
pressed by 

Q, - AX/T, - 3F,X/2P.T, (14) 
If the pump is a constant delivery cype, 
means must be provided to by-pass any 
excess flow back to the reservoir. 

All of the basic quantities, have been 
determined except for the valve travel, 
E. This parameter controls not only 
the width of the error-sensitive region, 
but also the frequency response within 
this zone. If the input in the overall 
transfer function, Eq (5), is a sinu- 
soidal displacement, them under a no- 
load condition a flat-band frequency 
response is obtained up to a frequency 

w=(1/2rT.) (X/E) (15) 
Therefore, if » and T, are specified, 
the ratio E/X can be determined. As 
previously stated, typical valves ob- 
tained in this way vary between 1/20 
and 1/30. An undistorted response 
with little attenuation or phase lag can 
be obtained for inputs given by 

z; — E sin (X/E) (t/T,) 


(13) 


(16) 


under a no-load condition, and by 
1;= Е sin (X/E) (t/T,) 
under a full load. 
A summary of relationships that can 
be used to determine the basic design 
parameters is given in Table I. 


(17) 


Factors Affecting Stability 
Certain parameters associated with 
the flow characteristics of the unit can 


be adjusted to limit destabilizing effects 
both inside the amplifier and in the 


Valve displocement,e 


Fig. 7—Modified valve displacement versus port area char- 
acteristic used with bleed hole in piston to reduce creep 


time caused by large valve overlap. 


Ја 


control system as a whole. However, 
as a first design approximation, only 
compliances within the unit itself need 
be considered. There are three im- 
portant parameters: the stiffness of the 
cylinder, the stiffness of the valve and 
the amplifier gain. 

The flexibility in the cylinder is 
almost entirely caused by fluid com- 
pressibility, its stiffness being 

k, =2AN/X (18) 
Since in practical systems there is a 
certain amount of air suspended in the 
oil, the bulk modulus, N, of the hy- 
draulic fluid is a function of pressure. 
For this reason it is important to keep 
the minimum jack pressure fairly 
high. This minimum pressure, Po, is 
given by 

P,=(P.—Pm)/2 (19) 
so that Pm should not be too high. The 
figure Pm equals 2/3P, (already estab- 
iished for minimum operating time 
under maximum load) is usually satis- 
factory. For example, if P, equals 
3,000 psi, then P, equals 500 psi. At 
this value, N is usually about 200,000 
psi which establishes &, at a high 
enough level in lb per in. to have lim- 
ited effect on system stability. By 
means of small leakage paths on either 
side of the valve lands, Fig. 5, a base 
pressure is maintained on both sides of 
the piston even under a no-load con- 
dition. 

The stiffness of the valve, when 
Q — 0, is given by 

k, A (dP./de) (20) 
or the load on the cylinder required 
to move the valve a unit length is equal 
to the change in cylinder load, AdP,, 
divided by the corresponding change in 


valve displacement, de, for a no-flow 


Error (valve displocemet),e 


Fig. 8—Modified flow curve obtained with valve character- 
istie shown in Fig. 7, Note reduced flow with displacement 


region, E;, at each end of valve stroke. 
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condition. Theoretical stability con- 
siderations lead to the criterion. 
к. <. 

This can be explainec physically as 
follows. A change in load tends to 
shorten the column of oil in the cylin- 
der. The valve must then open suffi- 
ciently, because of cylinder displace- 
ment, to allow a differential pressure to 
build up in the cylinder to balance the 
change in load. Failing in this, the 
valve would over-compensate the cylin- 
der displacement, further compressing 
the fluid column and setting up a self- 
maintained oscillation. Thus, valve 
stiffness must be less than cylinder 
stiffness to permit proper compensa- 
tion for changes in loading. 

From Eq (18) it can be determined 
that under full load the unit will de- 
flect at ieast an amount E, which can 
be calculated as follows 


ke =F,/E,=24N/X _(18) 
Substituting 


F,,/A=P,,=2/3P, 


from Eq (1), the following result is 
obtained 
E,=XP,/3N (21) 
This is the static deflection, which may 
be exceeded under a fluctuating out- 
put load. Output flexibility can be 


77-40210 
~~ W220 
---~ر‎ Wn = 30 
— M=3.0 


Amplifier gain, k 


serious from the viewpoint of system 
stability with respect to a varying out- 
put load; however, it is unavoidable. 
Its destabilizing effects can be reduced 
by limiting the so-called creep velocity 
with which the cylinder connects for 
change in load. 

Valve flexibility can be obtained by 
the use of a hydraulic potentiometer, 
Fig. 6, which causes a slow change in 
valve resistance at the beginning of 
the valve stroke and consequently a 
low creep velocity. The use of valve 
overlap, Fig. 6 (A), is not satisfactory, 
partly because of the variation of flow 
with viscosity and hence with tem- 
perature. For the unit with a piston 
leak, Fig. 6(B), a low creep 
velocity is obtained by modi- 
fying the flow characteristics of the 
valve, which hitherto have been as- 
sumed linear. This can be done if the 
valve port consists of a group of small 
holes that are exposed to give an ex- 
posed port area varying with displace- 
ment as shown in Fig. 7. The steady 
flow loss obtained with the piston leak 
design is several times smaller than 
that resulting from overlap. 

Equating the steady flow through 
the valve (caused by valve opening to 
area 4, as a result of static deflection 


E,) and through the bleed in the 


„-М:20 f и 


4 
2“ MAS 
2 


Unstable 
region 


Valve stiffness, ke 


Fig. 9—Plot of K-k, plane showing quiescent operating conditions superimposed 
on the stability characteristics of system. ©, represents the resonant frequency 
of system and M the amplitude ratio at resonant frequency. 
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piston under full load leads to the 
following expression for the area of 
the hole in the piston 


P.—Pa l? 
A, = M =] =], 2 ai 22) 
2P. 


The time required to creep under 
maximum load depends on the area 4, 
according to the relation. 


а/а= ¥3(P./N) (T./T.) (23) 


In practice T, is about equal to T,/2, 
and therefore the unit attenuates for 
fluctuating loads at frequencies near 
the normal operating condition. Use 
of the relation T, equals T,/2 yields 

8 / E, 20.35 a/ E (24) 


which together with Eq (21) defines 
the curve of modified valve port area 
versus displacement, Fig. Fig. 8 
shows the flow versus error curve for 
this condition. 

The last of the three parameters, 
amplifier gain, controls the relative 
rather than the absolute stability of the 
unit. It is defined, when P, is a con- 
stant, as 


K =(1/A) (8Q/2e¢) (25) 


or amplifier gain represents the change 
in piston velocity with a change in 
valve displacement for a constant load 
condition. 

Actually K and &, are not constants 
but are in fact functions of e and P 
Thus the response characteristics vary 
at each point in the linear zone and 
for each value of output load. By cal- 
culating K and Ёё, for each possible 
operating condition, a domain is de- 
fined on a K — &, plane, Fig. 9. The 
stability characteristics of the whole 
system can be superimposed on this 
plane. The flow curve can be ad 
justed to meet the system requirements 
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Turbine Pumps—Their Design 


Turbine pumps combine the high discharge pressure of 


Fig. 1—In design (A), the impeller is mounted be- 
tween the bearings to keep shaft deflection to a mini- 
mum. The distribution of pressure during pump 
operation causes an unbalanced transverse pressure 
condition, which loads and tends to deflect the impeller 
shaft. When the load is applied midway between the 
bearings, the shaft diameter is kept to a minimum for 
a certain allowable deflection; the load on the bearings 
is equally divided. The hydraulic pressure on the two 
sides of the impeller is equalized by balancing holes 
in the impeller adjacent to the hub. This eliminates 
thrust loads on the bearings, caused by an unequal 
pressure distribution on the impeller. 

Design (B). The simplicity of the turbine type 
pump makes it an easy matter to incorporate two or 
more impellers on a single shaft. The only problem is 
to provide a shaft that is large enough to take care 
of the additional horsepower required to drive the 
pump and to check bearing size for additional load. 
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Applications for single and multiple impeller 
pumps are: feeding boilers operating at pressures from 
20 psi to 200 psi; returning condensate from heating 
systems to boilers; boosting pressures in water supply 
lines; transferring chemicals in chemical plants; trans- 
ferring gasoline and other hydrocarbons in refineries. 


Fig. 2—A popular design, especially in the smaller 
sizes, is the combined pump and driving motor, a close- 
coupled unit. The design simplifies the pump construc- 
tion but requires special modifications to the design of 
the motor. The motor shaft must be extended to mount 
the pump impeller, and the motor end bell must be 
specially machined for mounting the pump shell. How- 
ever, the combination makes a rugged, compact and 
efficient pumping unit. It requires only a minimum 
amount of space and maintenance, regardless of the 
number of stages used. 


On most applications for turbine pumps in close- 
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and Application 
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C. L. ABRAMSON 
Chief Engineer, Turbine Pump Department 
Aurora Pump Company 


rotary types with the flexible operation of centrifugal pumps 


coupled assembly, the motor shaft should be of a 
corrosion-resistant metal, since it is in direct contact 
with the liquid being handled. The design shown in- 
corporates a mechanical seal instead of a stuffing box. 
This eliminates the possibility of scoring the motor 
shaft by packing friction and reduces the length of the 
unit. 

Applications for the close-coupled pumps are: hot 
water circulation in heating systems; circulating cool- 
ants in air conditioning systems; emptying tanks or 
barrels; pumping water out of cisterns for sprinkling 
or house service; and liquid handling requirements 
for “package” type equipment with limited space for 
pump installation. 


Fig. 3—In the handling of extremely hot liquids it is 
necessary to cool certain parts of the pump to prevent 
overheating and eventual pump failure. Water jackets 
are used to direct cooling liquid to those parts that are 


,O'scharge 
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chomber 
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Fig. 4—Self-priming units can be added to the various 
pumps without redesigning. Structurally, the primer 
can be cast integral with the shell on the larger pumps. 

The basic principle of the priming unit is to sepa- 
rate the air or vapor from the liquid. The difference 
in specific gravity allows the air trapped in the liquid 
to rise to the surface and escape from the pump in the 
form of bubbles. To apply this principle, a quantity of 
liquid must be trapped in the pump. When the pump 
is started the liquid travels through the system, traps 
the air, and discharges it at the discharge opening. 
Eventually, the pump is free of air, and atmospheric 
pressure forces liquid into the pump. 
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susceptible to failure by overheating. The jackets are 
isolated from the pump channels so that the pumped 
fluid will not be cooled. For the installation shown, 
the coolant circulates around the cover bushing and 
part of the stuffing box. 

In this type of pump, if the supporting feet were 
attached to the shell—as in the other designs—they 
would heat up because of the high temperature of the 
liquid being pumped. The resultant expansion would 
disturb the alignment of the pump and the driver; 
feet are, therefore, attached outboard of the water 
jacket. Coolant inlet is located at the bottom of the 
jacket, to obtain the maximum cooling on the parts. 

Applications of the water jacketed pump are: pump- 
ing high temperature water from superheaters into 
boilers; circulating high temperature water in closed 
systems; hot oil charging service in refineries; circu- 
lating hot Dowtherm in closed systems; and handling 
hot caustics in refinery process service. 


Discharge pipe 
4 


. Impeller 
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A pump using an integral separating chamber and 
a separable trap is shown in Fig. 4(A). This is a grav- 
ity feed system. Action of the impeller draws liquid and 
air into the pump channel and the separating chamber. 
Air is expelled and the liquid recirculated. 

A pump using centrifugal force to prime the pump 
is shown in Fig. 4(B). Liquid in the impeller buckets 
is discharged tangentially into the separating chamber 
and follows the wall of the chamber im a whirling 
motion. Liquid is returned to the impeller buckets at 
the outlet opening from the channel. During this cycle 
the air separates and seeks the center of the whirling 
body of liquid leaves through the discharge opening. 





Stress Chart for Thick Cylinders 


Based 


H. M. DURHAM 


WHEN THE RATIO of the outer radius 
to the inner radius exceeds 1.14 to 1, 
a cylinder is usually classified as thick. 
Under internal pressure, the distribu- 
tion of stress is non-uniform radially 
and is a maximum at the inner radius. 
To compute the stress at the inner 
wall, several formulas are in use. In 
Table I, these formulas are given and 
each is identified by its author. The 
nomogram on the next page has been 
constructed on the basis of these for- 
mulas. 

The selection of any one formula 
depends upon such considerations as 
whether ends of the cylinder are open 
or closed and whether the cylinder 
material is ductile or brittle. 

The Barlow formula is given here 
for purposes of comparison, but the 
stress values obtained through its usc 
are undoubtedly high. 

In general, the nomogram can be 
used in two ways: (1) Checking exist- 
ing designs, by starting at top scale 
and working downward; and (2) New 
designs in which working pressure and 
stress are given, by starting at lower 
scale and working upward. 


EXAMPLE 1: A cylinder having a 10 
in. ID and a 12 in. OD is subjected 
to a working pressure of 2,000 psi. 
The material is brittle. Find the stress 
at the inner wall. 


SOLUTION: Use the Lamé Equation. 
R equals 6/5 or 1.2. Enter scale d at 
1.2, then draw diagonal through 2 
(ie. 2,000) on scale e, and read on 
scale f to obtain a value of 11.1 or a 
stress of 11,100 psi at the inner wall. 


EXAMPLE 2: A closed end cylinder 


Jig 


on 


AUTHOR 


Lame’ 


Barlow 


Clavarino 


Birnie 


Four Formulas 


Table I—Comparison of Formulas 


EQUATION ASSUMPTIONS 


Open ends 


p [(0.4 + 1.3R?)/(R? — 1)] | Ductile materials, Closed ends 


| 


- 1.3R?)/(R? — 1)] Ductile materials, Open ends 


= working stress, tension at inner radius, psi 


working pressure in cylinder, psi 


r,/r; — ratio of outside radius to inside radius of cylinder 


having an 8 in. ID and a 14 in. OD is 
subjected to a working pressure of 
3.000 psi. The material is ductile. Find 
the stress at the inner wall. 


SOLUTION: Use the Clavarino Equa- 
tion. R equals 7/4 or 1.75. Drop a 


— ل‎ e — —ñ —ñ —ñ — 


Сіоуогіпо 1-75 


perpendicular line from 1.75 on scale 
b to scale d, then from this point of 
intersection draw a diagonal line 
through 3 (i.e. 3,000) on scale e, and 
read the answer on scale f. Scale f indi- 
cates a value of 6.4 or a stress of 6,400 
psi at the inner wall. 
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Ratio of Outside Radius to Inside Radius 


—— 63 2 175 15 14 13 1.2 115 


с 
6 $ 2" T7" 15 14 13 12 15 


Barlow i i 
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Scale (Stress) 


IO 9 


Note. Any multiplier used on 
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Pneumatic-Electric 


У. №. ОНАКА 


Industry Engr., Industrial Div., 
Minneapolis-Honeywell Regulator Co. 


PNEUMATIC-ELECTRIC and electric- 
pneumatic relays are used in control 
applications where interlocking be- 
tween pneumatic and electric devices 
is required. When a pneumatic control 
device must actuate a signal or alarm 
in addition to its control function; or 
when an electric timing device is re- 
quired to initiate the operation of a 
pneumatic control system, these relays 
are the "linkage" between the pneu- 
matic and electrical components. 

In a pneumatic-electric relay, air 
pressure operates a linkage and switch 
mechanism to energize or de-energize 
an electric circuit; while the electric- 
pneumatic relay energizes or de-ener- 
gizes pneumatic circuits on the basis 
of an electrical impulse. A more com- 
mon terminology for these devices is 
electrically actuated or solenoid valve 
(electric-pneumatic) and pressure 
switch (pneumatic-electric); however, 
the relay designation more clearly de- 
fines their application in control 
systems. 


Electric-Pneumatic Relays 


A schematic diagram of this type re- 
lay is shown in Fig. 1. The solenoid 
coil actuates the relay lever which is 
pivoted to operate the spring loaded 
valves located in the chambers beneath 
ports 1 and 2. When the relay is de- 
energized (as shown) the valve be- 
neath port 2 is open and air can flow 
between ports 2 and 3. When the relay 
is energized the coil pulls in the lower 
end of the relay lever, overcoming the 
main spring and rotating the valve 
lever around its pivot. This opens the 
valve under port 1 and closes the valve 
under port 2. Air flow is thus be- 
tween ports 3 and 1. 

In a typical application, Fig. 2, the 
electric-pneumatic relay is installed in 
the controlled air line from a pneu- 
matic control device to a diaphragm 
valve. When the relay is de-energized, 
ports 2 and 3 are connected and the 


J20 


Volve lever 


^4 
Volve lever 
pivot 


-Armoture pivot 


Relay lever--- 


Fig. 2—Basic application 
cireuit for electric-pneu- 
matic relay. An electrical 
circuit controls the func- 
tioning of a diaphragm 
valve by energizing or de- 
energizing the relay. 


Time - temperature — — 


controller 


‘Diaphragm 


"Main spring 


Relays 


Fig. 1—Schematic of elec- 
tric-pneumatic relay. The 
valve operating projections 
on the valve lever actuate 
the valves under ports 1 
and 2 through а dia- 
phragm. The diaphragm 
seals the air chamber from 
escape of air pressure. 


Control 
instrument 


Supply 
oír * 


p timer, or motor 
—  ) drive circuit 


Diaphragm 
vo/ve 


Fig. 3—Time and 
temperature con- 
trolled bath using 
electric-pneumatic 
relay to shut off 
pneumatic signal 
to diaphragm 
valve and stop 
flow of steam to 
bath at the end 
of a preset timed 
period. The relay 
is usually con- 
nected in normal- 
ly-open position. 


Diaphragm volve à 
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valve diaphragm is vented to the at- 
mosphere. However, when the timer 
or control circuit energizes the relay, 
air flow is from the instrument through 
ports 1 and 3 to the diaphragm valve. 
The valve is positioned in accordance 
with the pneumatic signal from the 
control instrument. 

This type electric-pneumatic relay 
actually corresponds to a single-pole, 
double-throw standard electrical relay 
with one normally-open and one nor- 
mally-closed contact. When used as in 
Fig. 2, the relay is normally open since 
in a de-energized condition the dia- 
phragm is vented to the atmosphere. 
By connecting the line from the con- 
trol instrument to port 2 instead of 
port 1, the relay would be operating 
normally closed. 

A schematic circuit of a time and 
temperature controlled bath using an 
electric-pneumatic relay to relay an 
electrical control signal to a pneumatic 
circuit is shown in Fig. 3. The tem- 
perature controller contains an electric 
timer wired to the electric-pneumatic 
relay. At the beginning of a cycle the 
required bath temperature and the 
length of time this temperature must 
be maintained are set in the controller. 
During the timed period, the circuit to 
the relay is energized completing the 
pneumatic circuit from the controller 
to the diaphragm valve which admits 
a controlled amount of steam to the 
heating coils. At the end of this period, 
the relay is de-energized, blocking the 
pneumatic signal from the controller 
and venting the diaphragm valve to 
the atmosphere. The diaphragm valve 
is of the spring-to-close, pressure-to- 
open type and shuts off the steam sup- 
ply to the bath. 


Pneumatic-Electric Relays 


Pneumatic-electric relays, Fig. 4, are 
used where a pneumatic signal must 
actuate an electrical device. Variations 
in pressure cause movement of the bel- 
lows assembly which actuates the oper- 
ating lever and the enclosed non- 
magnetic snap switch. The operating 
pressure and differential between the 
opening and closing points depend on 
spring setting. 

Depending on how the circuit con- 
nections are made, the snap switch will 
either close or open on an increase in 
pressure, or give single-pole, double- 
throw switching, breaking one circuit 
and making another, when the pres- 
sure exceeds the set point value. 

The set point is adjusted by varying 


Product Engineering — Mid-October, 


ig 


| 


TCT 


Bellows assembly —- 


J HYDRAULIC AND PNEUMATIC EQUIPMENT 


Snapswitch 


Fig. 4—Typical pneumatic-electric relay. Operating pressure is set by the pres- 
sure screw according to reading of pressure setting indicator, while the differen- 
tial is adjusted with the differential screw and differential setting indicator. 
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Fig. 5—Signal alarm application of pneumatic-electric relay. Where allowable 
limits are established for the pneumatic signal from the controller and thus for 
valve stroke, relay gives indication above or below limits. 


the tension in the pressure adjustment 
spring. This spring opposes the motion 
of the operating lever so that the bel- 
lows movement will actuate the snap 
switch at the proper pressure value. 

The differential is set by adjusting 
the tension in the differential adjust- 
ment spring. The effect of this spring 
is added to that of the pressure adjust- 
ment spring in opposing the motion of 
the operating lever. The differential 
setting affects operation as follows: if 
the connections to the switch are made 
to break the circuit on pressure rise, 
then with a differential setting of 3 psi 
and a pressure setting of 9 psi, the 
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relay will break the circuit at 12 psi 
and make the circuit at 9 psi. With a 
pressure setting of 10 psi and a differ- 
ential setting of 1.5 psi, the relay will 
break at 11.5 psi and make at 10 psi. 
A typical application of a pneu- 
matic-electric relay is shown in Fig. 5 
The relay is installed in the controlled 
air line from a temperature controller 
to a diaphragm control valve. When 
the pneumatic signal from the control- 
ler exceeds the pressure at which the 
relay is set, the circuit closes, energiz- 
ing the alarm. This arrangement gives 
either low or high limit signals in con- 

junction with control operations. 
Jn 
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EXCEPT FOR LOW PRESSURE (10-20 
psi) pneumatic control systems de- 
veloped for industrial process controls, 
compressed gases seldom have been 
used in the continuous control of mo- 
tion that is required in many servo- 
mechanisms and automatic control 
systems at pressures ranging from 


500-2000 psi. Compressed air is often 


43-20 NC-2 
socket head 
cop screws (4) 


applied to simple on-off control func- 
tions where mechanical stops are 
provided for positive positioning ac- 
tion when needed. 

Continuous control systems that 
have been developed for operation 
with compressed air are largely low 
pressure instrument systems where the 
speed of response is not a critical factor 
and where the maximum power con- 
trolled is a fraction of a horsepower. 
Flapper-type and poppet valves are 
satisfactory for these systems since the 
pressure is low and little difficulty is 
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Fig. 1l—Sliding plate valve,.—(A) Exploded view of valve indicating major 
components.—(B) View showing four-way valve operation using hole, slot, and 
plug-type metering orifices.—(C) Cross-section of valve-plate centering method. 
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met in overcoming the forces exerted 
by the fluid on the moving valve mem- 
ber. 

Analytically, the dynamic perform- 
ance of these low pressure systems 
may be determined with the same fun- 
damental equations that are used for 
the flow of hydraulic fluids. This is 
because the pressure drop across each 
orifice is smaller than that required 
to produce sonic velocity in the fluid 
stream. High pressure systems cannot 
use these equations because of the ex- 
istence of non-linearities caused by 
fluid compressibility at control orifices 
and in the working chambers of the 
system. 

The use of highly compressed gas 
(500-2,000 psi) instead of hydraulic 
oil as the working fluid in valve-con- 
trolled servomotor systems is possible. 
A spool-type valve that is normally 
operated with hydraulic fluid. This 
system has been successfully operated 
with nitrogen at 1,000 psi as long as 
the valve remained adequately lubri- 
cated from the previous hydraulic op- 
eration. Once the gas carried away the 
oil, valve sticking occurred. 

Plate valves using the hole, slot and 
plug construction similar to that shown 
in Fig. 1 have been found to meet 
the design requirements of pneumatic 
systems better than spool-type valves. 

The major problem in the design of 
reliable high pressure pneumatic sys- 
tems for continuous control purposes 
is the development and operation of 
a new type valve. Also, the consid- 
eration of many factors such as the 
comparison of systems, factors affect- 


ing valve design, valve performance 
and operation. 


Hydraulic Vs Pneumatic 
Operation 
Where operation with a ram-type 
motor is possible, the complexity of 


the two systems are about equal. A 


hydraulic system requires a pump, 


pressure controller, sump, filter, and 
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Fig. 2—Rotary-plate valve. Above left—Schematic indicating major components of the valve. Above right—Partially 
disassembled valve showing centering plugs used to center, the valve plate and valve blocks. 


heat exchanger in the fluid power sup- 
ply. The pneumatic system requires а 
multistage compressor with interst.. 

cooling, pressure controller, air filte 
and dryer. However, since atmospheri 
air is usually available in a pneumatic 
system, return lines and sump are un- 
necessary. 

Since good hydraulic fluids are ex- 
pensive and also may be flammable, it 
is imperative that all external leaks be 
eliminated in hydraulic systems. Ex- 
perience has indicated that this is an 
almost impossible task. Minor external 
leaks in a pneumatic system do waste 
power but are otherwise trouble free- 

Internal and external leakage waste 
power in either system, but power loss 
caused by leakage is potentially much 
greater in pneumatic systems because 
more work is required to compress air 
than oil. Because of the greater work 
required to pump a compressible fluid 
to a given pressure, the energy dissi- 
pated by the pressure drop across the 
orifices in control valves is greater in 
pneumatic systems. This factor is im- 
portant since a control valve can main- 
tain effective control of fluid flow only 
by its controllable ability to dissipate 
part of the energy of the flow it is 
controlling. 

The working temperature of hydrau- 
lic systems is usually limited by freez- 
ing of the fluid at the lower end of 
the range and vaporization at the up- 
per limit. In this range, the fluid vis- 
cosity varies from infinity to zero. 
Variation of oil viscosity may have a 
serious effect on the flow of the fluid 
in the system and on the ability of the 
components to handle it; pump cavita- 


tion, leakage flow rate, and wear are 


accelerated by high temperature opera- 
tion, while line losses and valve strok- 
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ing forces are high at very low tem- 
perature operation. 

The working temperature of pneu- 
matic systems is limited by the char- 
acteristics of the components which 
carry it, and this makes possible a 
wider range of operating temperatures. 
Within this range, the viscosity varia- 
tion with temperature is less than that 
of a hydraulic fluid. Adequate seals, 
however, between moving members 
may be hard tc achieve unless some 
lubricant is provided at the sealing 
points. The materials currently avail- 
able for sealing members tend to limit 
the upper operating temperature of 
pneumatic systems. 

Compressed air, by virtue of its low 
viscosity and negligible lubricity, is a 
poor lubricant unless used in a hydro- 
dynamic bearing with very high rela- 
tive speeds between the moving parts 
or as a pressurized film as in an ex- 
ternally pressurized bearing. 

Because of the more compliant na- 
ture of compressed air, a pneumatic 
system might not have as fast a dy- 
namic response as a hydraulic system, 
and fluid compressibility would be ex- 
pected to play a significant role in 
many applications. 

Contamination of the working fluid 
offers the same potential difficulties in 
either system. Dirt and foreign par- 
ticles cause sticking of control valves 
and tend to accelerate wear in seals 
and in pumping members. Dirt is con- 
tinually being drawn into the pneuma- 
tic system, hence, filters might require 
more frequent changing. 

Except for the fire hazard with flam- 
mable liquids, hydraulic systems are 


probably safer than pneumatic ones. 


Small amounts of oil at any point of 
elevated temperature in a pneumatic 
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system may cause an internal explosion 
which might rupture the walls of the 
system. Any break could have serious 
consequences since the working fluid 
expands to many times its compressed 
volume before reaching an equilibrium 
state at atmospheric pressure. 


Factors in Pneumatic 
Valve Design 


Because leakage flows represent 
serious loss of available energy, they 
must be kept to a minimum. Therefore 
each of the control valve orifices must 
be as nearly closed as possible when 
no flow is required to drive the load 
Also, the size of all possible leakage 
paths from the high pressure passages 
to the atmosphere must be kept to a 
minimum. 

Although the flow characteristics of 
an orifice are not linear, a slide-type 
variable orifice is an effective means 
of controlling fluid flow because a 
large change in resistance to flow may 
be obtained with a small valve motion 
Definite clearance must be provided 
to permit relative motion between the 
fixed and moving parts of the valve 
This clearance results in control valve 
orifices that never completely close and 
in leakage paths that lead from the 
high pressure regions in the valve to 
the atmosphere. Hence, all clearances 
must be kept to a minimum. 

In a valve containing two or more 
metering or control orifices acting in 
unison, all of the orifices should open 
and close at precise valve positions, 
thus accurate alignment of the edges of 
the metering orifices is required. For 
example, overlap conditions in a four- 


way valve lead to a dead-zone type of 


action in that practically no change 
in orifice areas will occur for small 
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Fig. 3—Measured pressure flow characteristics of slid- 
ing-plate valve for various values of valve displacement. 


motion of the valve about its center 
position. Underlap conditions lead to 
high quiescent leakage flow when the 
valve is centered. 

While relatively small motion of the 
valve will cause relatively large changes 
of flow resistance in the valve, it is 
also desirable to be able to stroke the 
valve with the smallest possible strok- 
ing force. Friction between the fixed 
and moving parts of the valve is the 
cause of valve sticking and usually 
is the largest component of the force 
which opposes motion of the valve. 

Because the density of compressed 
air at pressures up to 1,000 psi is much 
less than that of hydraulic oil, the fluid 
flow forces are often negligible when 
supplying less than 10 hp to the load. 
The force required to provide the de- 
sired acceleration of the moving parts 
of the valve should be as small as pos- 
sible. Therefore, a short valve stroke 
and small moving parts are desirable. 


Friction in the valve may be mini- 
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mized by eliminating metal-to-metal 
contact in the clearance spaces and by 
providing a working fluid free of con- 
taminants. Contaminants tend to silt 
into the clearance spaces and the 
metering orifices of the valve. It is 
not possible to open up the clearance 
to handle a dirty fluid unless greatly 
increased leakage flow may be tol- 
erated. 

In a system using a four-way valve, 
the relative sizes of the upstream and 
downstream orifice areas are an im- 
portant factor. The ratio of upstream 
orifice area to downstream orifice area 
when the valve is centered determines 
the quiescent pressure in the ram of 
the motor lines and, therefore, the fluid 
compliance of the system. 

The quiescent pressure should be a 
substantial fraction of the supply pres- 
sure to obtain the best dynamic per- 
formance from the system. Port widths 
should be selected so that the maxi- 
mum stroke of the valve is large com- 


Fig. 4—Computed pressure flow characteristics of slid- 
ing-plate valve for various values of valve displacement. 


pared to any inaccuracies that might be 
met in the alignment of the metering 
orifices. Many applications require that 
the areas of the valve orifices be linearly 
related to the valve stroke; others may 
require specified nonlinear relationship 
of orifice areas to valve opening. 
Operation of the valve should not 
be sensitive to stresses caused by its 
mounting, thermal gradients, aging, or 
connection to the fluid lines. 


Pneumatic Valve Development 


In the sliding plate valve shown in 
Fig. 1, symmetrical construction is used 
to balance out the pressure forces and 
spacer plates are used to provide 
proper clearances, guide the valve plate 
so that it moves in its proper direc- 
tion, and provide alignment of the 
valve blocks with the aid of dowel 
pins. 

Valve plate centering is shown in 
Fig. 1(C). This permits centering of 
the valve plate between the valve 
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Fig. 5—Block diagram of electropneumatic servomechanism system. 


blocks to minimize metal-to-metal con- 
tact between the moving valve plate 
and the valve blocks. Small plugs are 
pressed into holes in the valve plate, 
and the centers of these holes are con- 
nected with the pressure supply. The 
plugs are provided with small grooves 
which have flow resistance roughly 
equal to those of the leakage paths out- 
ward through the clearance spaces. If 
the valve plate moves upward, for ex- 
ample, the average pressure above the 
plate increases and that below de- 
creases, producing a force which tends 
to re-center the plate. Five centering 
plugs are used, Fig. 1, to provide 
proper centering action for the valve. 

The rotary plate valve, Fig. 2, shows 
the same principles in a valve where 
the plate rotates slightly about a pivot 
pin instead of sliding axially. Al- 
though more complicated, in that ac- 
curate alignment of the pivot pin is 
necessary, the valve is insensitive to 
linear accelerations. Also shown in 
Fig. 2 is a partially disassembled rotary- 
plate valve in which four centering 
plugs are used to center the valve 
plate between the valve blocks. 

To gain an understanding of the 
performance of valves under various 
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flow conditions, the pressure flow 
characteristics of each pair of the 
orifices of the valve in Fig. 1 have 


been measured. Fig. 3 shows a family 
of curves that indicate valve flow as a 
function of motor line pressure and 
valve displacement. Fig. 4 shows a 
family of curves obtained by assuming 
that valve clearance equals zero, and 
that the metering orifices are perfectly 
aligned with no overlap or underlap. 
Comparison of Figs. 3 and 4 shows 
the effect of valve clearance and over- 
lap for various displacements. 


High Pressure Valve 


Performance 


The rotary-plate valve of Fig. 2 was 
developed for use in the feedback con- 
trol system, Fig. 5. An electrical signal 
voltage served as the input quantity, 
and output position was measured elec- 
trically by a linear differential trans- 
former, amplified, and fed back to be 
compared with the input signal. 

The servomotor package operates 
with air supplied at 1,000 psi to the 
rotary-plate valve and a maximum 
current of 40 ma at 80 v to either 
winding of the permanent-magnet 
torque motor. The maximum stroke of 
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Fig. 6—Flat region of oscillograph pat- 
tern shows friction at ram seals. 


the valve and torque motor is 0.007 
in. The torque motor strokes the valve 
with a maximum force of 5 Ib. 


During frequency response tests on 


the system, oscillographic measure- 
ments of ram motion vs input signal 
revealed a flat region, shown by 5 of 
Fig. 6. The flat region may be attri- 
buted to coulomb friction acting on 


the ram at its seals. Compressed air 


requires more time to reverse ram 
pressure and overcome the sudden 
change in coulomb friction that oc- 
curs when ram direction is changed 
than does a hydraulic fluid. 

Amplitude and phase-shift charac- 
teristics are shown in Fig. 7. These 
were obtained at frequency-response 
measurements at two different input 
levels with no external load. Fig. 8 
shows the amplitude and phase shift 
characteristics using hydraulic oil, and 
are independent of input signal ampli- 
tude to the servomechanism. 


REFERENCE: 

Development of Valves for the Control 
of Pneumatic Power, by S. Y. Lee and 
J. І. Shearer, presented at the National 
Conference on Industrial Hydraulic, Chi- 
cago, Ill., 1954. 
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High Pressure Pneumatic 


Circuits for Aircraft 


PAUL L. BRADY 


Consolidated Vultee Aircraft Corp. 


THE BASIC CONCEPT of aircraft 
pneumatic systems is to charge storage 
bottles to rated system pressure (1,500 
or 3,000 psi) from an air supply cir- 
cuit of low delivery capacity. The 
stored air is then used at flow rates 
varying from 1.0 to more than 80 Ib 
per min for intermittent duty applica- 
tions stich as landing gear, bomb bay 
door operation and flaps or for con- 
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tinuous use such as windshield wipers 
and other similar devices. 

A complete pneumatic system con- 
sists of a supply circuit and a func- 
tional circuit. The supply circuit in- 
corporates all the devices necessary to 
charge and maintain system pressures 
while the functional circuit includes 
the equipment needed to perform a 
given task. There can be several func- 
tional circuits in a single pneumatic 
system, but, in such instances, the 
number of supply and functional cir- 
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Fig. 1—Schematic of a supply 


circuit. Ground charging connection allows 


pressurization of the functional circuits without using the aircraft compressor. 
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Fig. 2—Graph of free air dewpoint at various working pressures for a 3,000 psi 
mechanical moisture separator. Free air dewpoint after leaving unit is minus 10 F. 
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cuits must be maintained in balance. 
This is established by the design per- 
formance criteria of allowable com- 
pressor recharge time between each 
operation of the equipment of the 
system. 


Supply Circuit 


A typical supply circuit is illustrated 
in Fig. 1. Air flows from the compres- 
sor through the moisture separator 
equipment and check valve, and then 
past the compressor control into the 
manifolding. The latter interconnects 
the several functional circuits as well 
as other supply circuits in the system. 

Compressors are rated on outlet 
port air flow in terms of pounds of 
air per minute or cubic feet per 
minute. The cfm rating is based upon 
standard sea level pressure of 29.92 in. 
Hg and standard temperature of 59.9 
F. Lightweight air compressors, now in 
production, suitable for aircraft instal- 
lations have a capacity of 1.5 to 4.0 
cfm (0.115 to 0.305 Ib of air flow per 
minute). This low capacity range 
limits the pneumatic system to inter- 
mittent duty operation except for 
small-demand functions such as wind- 
shield wiper operation. 

The moisture separator consists of 
a mechanical and a chemical assembly. 
The amount of moisture that air can 
carry in vapor form varies inversely 
with the pressure, Fig. 2. As air under 
the specified ambient conditions is 
pressurized, a portion of the vapor is 
forced out of the vapor state into the 
liquid state. It is this condensed liquid 
that the moisture separator removes 
mechanically. High pressure pneumatic 
systems usually require that the air 
have a free air dewpoint of at least 

65 F and that the dewpoint must be 
accomplished starting with a free air 
condition of 100 F and 100 per cent 
relative humidity. Mechanical separa- 
tors will remove enough moisture to 
allow operation at an ambient tem- 
perature as low as —10 F. A chemical 
separator will remove the remaining 
air moisture to permit equipment 
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Operation at ambient temperatures of 
—65 F or lower. 

The compressor control is a pres- 
sure-operated switch, for a motor 
driven compressor, or an unloading 
valve for a continuous engine oper- 
ating unit. When the compression 
cycle is complete the pressure operated 
switch energizes a relay of suitable 
current carrying capacity to shut-off 
the compressor motor; or for con- 
tinuous operation, the unloading valve 
relieves the compressor cylinders to 
atmosphere. Hydraulic motors use 
solenoid operated shut-off valves. All 
devices start the recharging cycle when 
the manifolding line air pressure re- 
duces to a predetermined “cut-in” 
pressure and stops the compression 
cycle when a “cut-out” pressure is 
reached. The range between these 
pressures should be great enough to 
prevent rapid on-off cycling that will 
cause excessive wear and abnormal 
temperatures in the motor. 


Functional Circuits 


A functional circuit incorporates the 
equipment needed for the intended 
service. In aircraft installations, the 
circuits consist of an air bottle, a 
pressure reducer, control valves, and 
actuator. 

AIR BOTTLE: the air bottle stores 
sufficient energy for one or more 
operations of a mechanism without 
benefit of an air compressor. It is 


normally constructed of steel with suf- 
ficient strength to withstand a proof 
pressure test of 144 to 2 times the 
rated pressure. To stop the flow of 
foreign material into control valves 
that are located downstream, a stand- 
pipe is used that extends from the 
inlet port to the approximate center 
of the bottle with the outlet port ad- 
jacent to the inlet port. The air must 
then flow into the bottle through the 
standpipe and make a 180 deg turn 
before entering the outlet port. 

PRESSURE REGULATOR: this valve 
reduces the rated storage pressure to 
the equipment operating pressure. The 
regulator is basically a pressure sensing 
device that uses a spring-loaded dia- 
phragm or piston to operate a valve, 
as shown in Fig. 3. As the downstream 
pressure approaches the valve setting, 
the poppet moves toward the seat. 
Further increase in downstream pres- 
sure causes the poppet to close; a de- 
crease pressure opens the orifice be- 
tween the poppet and valve seat. Thus, 
air to the actuator is controlled to a 
relatively constant pressure within the 
tolerances of the valve which is a func- 
tion of pressure drop, valve mechanical 
friction and other factors. 

CONTROL VALVES: control valves 
can be operated manually, by pres- 
sure, by electric solenoids or electric 
motors. The manual valve can vary 
from the simple needle or shut-off 
valve to the more complex configura- 
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Fig. 3—Schematie of pressure regula- 
tor. Pressure adjusting cap varies pop- 
pet valve setting, regulating outlet 
pressure to demand of actuator, Re- 
gardless of air pressure at inlet, outlet 
pressure is constant. 


tions used to control the sequence of 
machinery operation by mechanical 
control of the valve. The pressure 
operated valve is similar to the regula- 
tor in that the 
sensed. However, the control 
will change the direction of air flow 
as a result of poppet valve selection 
rather than controlling pressure of the 
system. The electric solenoid and 
motor operated valves are used to 
select the operation of pneumatic de 
vices located in a position remote from 
the operator. Both valve configurations 
can be similar, except for their actua- 
tion. Motor operation is preferred 
where a time delay is desired after the 
manual switch is selected. The solenoid 
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Fig. 4—Basic functional circuit. Position of inlet and outlet 
ports of storage bottle allows foreign matter or water left in 
compressed air to settle to bottom of bottle and be drained. 


Fig. 5—Modification of basic cireuit using a two position 
valve. Normal position has pressure and cylinder port inter- 
connected while selected position connects port to vent. 
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_-Fixed restrictor 


Relief valve 


-- Air pressure regulator 
~<«— Compressed air source 


Fig. 6—For better speed control a by-pass valve can be added to the circuit. 
This precharges the actuator through port B. At a predetermined point the 
by-pass valve moves to the second position venting port B to the atmosphere. 


_-Actuating cylinder 


Рог? В _ 


m |" ( Resfrictor check valve 


N Free flow into cylinder 
Shuffle valve Y| | Restricted flow out of cylinder 


valve. 
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зр 


restrictor 
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7o port To ort 
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} Press. operated by-pass 


| valve. Second position 
a над 


--- Air pressure regulator 


-€— Compressed air source 


Fig. 7—To be sure of an adequate precharge a modified by-pass valve can be 
used. Original pressure buildup is to port B. At a predetermined point the by-pass 
valve moves, venting port B to atmosphere and connecting port A to pressure. 


valve will operate within one-one 
hundredth of a second. 

ACTUATING DEVICE: These may be 
linear or rotary in motion. Applica- 
tion of rotary motors have been ham- 
pered to date by the slow development 
of suitable lubricants for the rotating 
components. The linear actuator is 
lubricated by providing wipers impreg- 
nated with grease. 


Application of Functional Circuits 


Functional circuits are found in any 
number of forms. One of the simplest 
and basic circuits is illustrated in Fig. 
4, and has been used with lightly loaded 
cylinders of approximately 1.0 in. bore 
and 2.0 in. stroke. 


Since the design criteria usually 
require several successive operations 
of a circuit without benefit of com- 
pressor recharging cycle, an individual 
air bottle is used. As shown in Fig. 4, 
the manifolding line from the supply 
circuit is connected to the air bottle 
via a check valve. The check valve pro- 
tects the circuit from loss of air pres- 
sure in the event of manifolding line 
pressure. The relief valve, indicated 
on the storage bottle, protects the cir- 
cuit in the event of compressor control 
valve failure. Air flows from the 
bottle through a manual shut-off valve 
and pressure regulator past the regu- 
lator valve to the control valve. 

Two fixed restrictors are attached to 


the actuating cylinder heads. These 
restrictors control the actuating cylin- 
der speed and reduce piston rod impact 
at the end of the cylinder stroke. The 
snubbing action and speed control are . 
accomplished by a combination of air 
flow control and cylinder compression 
ratio. 

Since the air pressure regulator 
allows flow only toward the cylinder 
after the air has reached the lock-out 
pressure, a check valve is used to vent 
the tubing and control valve when the 
manual valve is in the "off" position. 
This check valve and flow direction 
are shown adjacent to the pressure 
regulator. 

The selector valve has three posi- 
tions: neutral, open, and closed. The 
neutral position blocks the air supply 
from the pressure regulator and inter- 
connects both cylinder ports to atmos- 
phere. The open position allows air 
pressure to flow to port A, and port B 
exhausts to atmosphere. The close 
valve position reverses the valve opera- 
tion and air flow. 

A modification of the simple cir- 
cuit is shown in Fig. 5. The change is 
primarily in the control valve. This 
circuit has been used where a mechan- 
ism being operated must be held in one 
position by the pneumatic system with- 
out aid of latches. 

The actuating cylinder is operated 
in the direction of the arrow as a re- 
sult of differential cylinder area since 
the same pressure is applied to both 
sides of the piston head. The piston 
rod moves in a direction opposite to 
the arrow when the port A is connected 
to exhaust. 

This circuit can be used in appli- 
cation where a time delay is a design 
requirement. The actuating cylinder 
residual volume connected to port A is 
made as large as possible. An adjust- 
able restrictor is provided to control 
the air flow rate out of this port. The 
air pressure at port A is thus reduced 
to a value where the regulated pressure 
acting on the annular area of the pis- 
ton head will cause the rod to move 
in the opposite direction of the 
arrow. Thus, a total weight of air 
removed from port A to reach the 
pressure balance for rod motion di- 
vided by the restrictor flow rate deter- 
mines the time delay. The time delay 
increases as the load application in the 
direction of the arrow increases since 
the pressure at port A must be reduced 
proportionately. 

There are many applications where 
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highly loaded actuating cylinders re- 
quire better speed control than is 
available in the basic circuit. For ex- 
ample, bomb door or landing gear door 
operation requires high speed with 
minimum impact at the end of the 
cylinder stroke. One circuit, utilizing 
a pressure operated by-pass valve, is 
showa in Fig. 6. The circuit incorpo- 
ratec restrictor check valves and a 
shuttle valve in conjunction with the 
normal functional circuit equipment. 

This circuit precharges the cylinder 
at port B while the piston rod is 
traveling in the direction of the arrow. 
When the selector valve is moved to 
the door-open position, air flows to 
ports A and B. When a predetermined 
pressure is reached, the by-pass valve 
moves to vent port B to atmosphere 
and simultaneously blocks the air en- 
tering the by-pass valve. Note that 
the air enters the actuating cylinder 
during the precharge cycle through a 
restrictor check valve in the “free” 
flow direction. Air leaves the cylinder 
in the “restricted” flow direction. As 
the actuating cylinder progresses to- 
ward the extended position, the initial 
air precharge is compressed. As the 
piston head approaches the cylinder 
head at the end of the stroke, the air 
pressure at port B increases sharply 
providing the necessary force to de- 
celerate the mass. 

The door is closed by selecting the 
control valve so that the air supply 
is directed into port B via the shuttle 
valve. Port A is vented to atmosphere. 
As the doors approach the closed posi- 
tion, pressure in the bomb bay cavity 
increases slightly, causing the doors 
to decelerate without additional pneu- 
matic equipment. 

One limitation exists with the by- 
pass valve. The pressure is applied to 
both ports of the actuating cylinder 
during the precharge phase of opera- 
tion. This starts the piston rod to 
move. In the event the load moves the 
piston rod faster than the air can flow 
through the selector valve orifice, pres- 
sure may not build up great enough 
to provide adequate speed control. 
To overcome this possibility, a second 
type of by-pass valve is used, Fig. 7. 
This valve directs air toward port B 
until pressure builds up to a predeter- 
mined value, then directs pressure to 
port A, second position. Note that in 
both valves a restrictor is provided in 
the pressure sensing line. 

It has been found by experience 
that pressure wave propagates through 


Actuating cylinder 


=> + 


J HYDRAULIC AND PNEUMATIC EQUIPMENT 


Control valve in selected position 


-- Pressure supply 


Fig. 8—System operation by using wave propagation to unlatch and open door. 


Windshield 
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Wiper control valve” Г 
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Relief valve 


200 psi . 
or more ay 


To ait Air 
bottle 7€ supply 
Valve position above 200 psi 
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Air 
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Valve position below !OO psi 


.--Pressure operated shuf-off valve 
«-- Air supply 


- Storage bottle 
"7Sfand pipe 


"--Ground charging connection 


Fig. 9—Continuous operating component run by a pneumatic system. Normal 
valve position allows system to be operated by storage bottle pressure. When 
pressure drops to a predetermined value valve opens refilling bottle. 


the tubing immediately after the se- 
lector valve is operated. The value of 
this pressure wave can be as great as 
50 per cent of the regulated pressure 
setting. Pressure sensing valves set at 
lower values will be sensitive to this 
pressure wave and cause malfunction. 

Wave propagation has been used to 
advantage in some pneumatic system 
applications. Fig. 8 illustrates the rela- 
tionship between two uni-directional 
actuating cylinders used in an emer- 
gency system. The design criteria re- 
quires that the smaller unlatching 
cylinder be operated before the larger 
“link” cylinder moves through its 
stroke. When the circuit's control valve 
is operated, the air passes first to the 
unlatching cylinder then to the "link" 
cylinder. The pressure wave provides 
the necessary sequence of operation. 
This system is not absolutely positive 
in operation since the unlatching cylin- 
der might jam and cause malfunction 
of the entire circuit However, this 
condition is considered a failure on a 
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failure, and therefore, not a risk. The 
"link" cylinder is unique in design 
because it incorporates a lock device to 
maintain a fixed length between lever 
arm pivot points before operation. 

Continuously running machinery 
present slightly different problems that 
relate to the balance between the air 
flow demand and the compressor sup- 
ply. If the compressor supply is greater 
than the demand, rapid cycling between 
the compressor "cut-out" and "cut-in" 
will occur. 

The period of time between the 
“cut-out” pressure and the "'cut-in" 
pressure can be increased by pro- 
viding an air bottle. The time period 
can be further increased by placing a 
pressure-operated shut-off valve in the 
circuit as illustrated in Fig. 9. This 
valve allows the air bottle pressure to 
drop from the maximum storage pres- 
sure to the wiper actuator operating 
pressure which may be 100 psi. The 
valve then moves to interconnect the 
bottle with the manifolding line. 
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WHAT'S YOUR C.Q; 


“COMPRESSOR QUOTIENT 


What's the lightest-acting air compres- 
sor valve made? 


No doubt about this one — it's Worthington's 
exclusive Feather* Valve. Responsive as a feather 
to air flow, it can open, release air and close in 
one-hundredth of a second — with no back-leaking 
and efficiency losses. You can get more informa- 
tion about the Feather Valve by writing for 
Bulletin L-675 S12. 


How can you get effective air cooling of 
air compressors? 


Fan-cooling of isolated cylinders is the answer. 
In Worthington Radial and Balanced Angle air 
compressors, cooling air flows completely around 
the isolated cylinders. And the high-capacity fan 
blows air directly over upper parts of cylinders and 
cylinder heads — where heat is greatest. Our Bul- 
letin H-630-B1 tells you more about Worthington 
Radial air-cooled air compressors. 


What's the modern way to lubricate an air 
compressor ? 


The right answer is force-feed lubrication— 
with continuous full-flow oil filtration: And that's 
exactly what you get in Worthington Radial Air 
Compressors (and only Worthington, by the way). 
Result: less bearing wear, less oil pumping, longer 
cylinder life and lower lubricating oil cost. One 
twist of the handle cleans the Cuno filter without 
stopping flow. Read Bulletin H-630-B1 for more 
facts. PC.5.3 

* Reg. U.S. Pat. Off. 


Write today for bulletins to Worthington Corporation, 
Section PC.5.3, Harrison, NJ. 


WORTHINCTON 


—— 


ААК 
SPECIFY THESE WORTHINGTON STANDARD PRODUCTS ON YOUR EQUIPMENT 


Air Compressors * Pumps * Multi-V-Drives > Allspeed Drives 
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WHEREVER PIPING CONNECTIONS MUST MOVE, look 
to BARCO for the ANSWER! Whatever your problem, Barco, 
invariably, can solve it BETTER, EASIER, and QUICKER 


with a tested and proven joint right out of the standard Barco 


BARCO 


The Only Complete Lins of 
BALL e REVOLVING 
SWIVEL e SWING 


line. This is because Barco builds a truly complete line of 
flexible ball, swivel, swing, and revolving joints — there is a 
size and type for every purpose! Submit your problem; ask 


for recommendations — Barco is at your service. 


OINTS 


Flexible 
BALL JOINTS 


for Angular Flexing and 
Swivel or Twisting Movement 


This is a versatile, general purpose design suitable for many 
applications. Standard the world over where low cost, leakproof, 
movable joints are needed in piping handling steam, air, water, 
oil, gas, or chemicals. One joint will frequently serve the same 
purpose as several one-plane swing joints. Up to 40° side flexibil- 
ity plus 360^ swivel action facilitates quick connection of piping, 
overcomes misalignment. Pressures to 7,500 psi; temperatures to 
1,000? F. 12 styles, sizes from '4" to 12". 


Leakp woof 


REVOLVING 
JOINTS 


for Continuous Rotation 


Barco design insures trouble-free performance, minimum roll drag, 
and up to 50% power savings. Inherent low torque is little affected 
by increasing pressure, speed, or temperature. Parts are easily 
accessible, Light running action minimizes wear, permits free- 
floating installations. No adjusting necessary — long, leakproof 
service. Ratings to 250 psi (steam); 450^ F. Single flow or syphon 
styles. Sizes V2" to 2" and special to 5". Wide choice of styles. 


High Speed 
REVOLVING 


JOINTS 
for Clutches, Chucks and Machine Tools 


М” Туре МУ. Used in making high speed, leakproof rotary connec- 
tions for pneumatic, hydraulic, or coolant lines. Light running, sealed 
ball bearing design handles both radial and end thrust with low 
torque and minimum wear. Easy to install where space is limited; 
economical. Precision built for rugged service. For speeds to 
2500 RPM; pressures to 300 psi (air) or 1500 psi (hydraulic). 


SEND 


IBARCO MANUFACTURING CO. 


2 Hough Street, Barrington, Illinois. 


I Gentlemen: 


Please send me information about Barco 
| Products checked at right: 


| Хаше 


- Сошрапу 
j Address — 
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Self- Aligning 
SWIVEL JOINTS 


for Swivel Motion 
or Slow Rotation 


Specially designed for and widely used in making compact, low 
torque connections to reciprocating or hinged parts on molding 
presses, construction machinery, die casting machines, oil burners. 
Barco's self-aligning feature provides-side-flexibility (up to 10°) 
which speeds up installation and prevents binding. Easy to 
position piping accurately—no sagging, flopping lines. Leakproof, 
pressure safe. Ratings as high as 600°F., 3,000 psi (hydraulic). 
Sizes, 34" to 2"; angle or straight. 


eh Pressure Hydraulic 
SWIVEL JOINTS 


for Aircraft, Ordnance, 
and Industrial Service 


Especially designed for high pressure hydraulic or pneumatic use 
with flared tubing or small piping. Flexibility in joint absorbs 
vibration, compensates for misalignment, eliminates binding, min- 
imizes wear, simplifies and speeds up installation. Choice of styles; 
sizes '4 ", 3a ", Va", 55". Corrosive resistant construction for service 
to 3,000 psi, —100^ F. to 500°F. Approved for many military and 
aircraft applications. 


"Controlled Torque E 


SWING JOINTS 


for Loading Racks, 
Fueling Assemblies 


Built to support piping and provide for swing movement in 
handling gasoline, oil, alcohol, and other fluids. Special ball 
bearing, long sleeve design with exclusive “controlled torque” 
action permits uniform, easy movement, but prevents annoying 
uncontrolled swinging. Single swing, double swing, and counter- 
balance styles with counterweights to meet every need. In steel 
and malleable iron, sizes 2”, 22", 3”, 4”. Also in complete load- 
ing line assemblies. 


FOR INFORMATION 


[J BALL JOINTS. Catalog 215A. 
C SWIVEL JOINTS. Catalog 265A. 


[Г] SWIVEL JOINTS (Tubing Type) 
Catalog 269. 


O ТҮРЕ МУ REVOLVING JOINTS. 
Cataiog 307. 
[] SWING JOINTS. Catalog 400. 


[O INSULATING (Electrolytic) JOINTS 


for Piping. 


[C FLEXIBLE STRUT JOINTS for struo 


ا3ل 


tural uses. 





C] REVOLVING JOINTS. Catalog 300A. 


VALVES 


CYLINDERS 


HYDRECO HOLLOW-PLUNGER CONTROL VALVES 


The advancements made by HYDRECO engineering in 
multiple plunger, single and double acting control valves 
bring you new, accurate throttling . . . smooth, positive, 
fingertip control with notable freedom from binding, chat- 
tering or troublesome back pressures. Valves with 1 to 5 
plungers in capacities from 5 to 80 gpm and operating pres- 
sures of 1500 and 2000 psi are, now available for your 
present and projected equipment. 


p di 


| 
чу 


N * — 
ТЕ 


HYDRECO FLUID POWER MOTORS 1000 psi 


For the many applications which call for reversible rotary 
motion with high starting and running torques... HYDRECO 
Four-Bolt, Gear-Type Fluid Motors are the economical and 
reliable answer. Precision, ruggedness and simplicity com- 
bine to ideally suit these motors to machine tools, oil drill 
rigs, conveyors, agitators and a thousand other uses. Sizes 
3 to 17 hp at 2000 rpm, 1000 psi. 


\ "7. | 3 


HYDRECO GEAR-TYPE PUMPS 1000/1500 psi 


HYDRECO engineers have shattered the illusion that "any 
gear pump is just a gear pump". New developments in the 
famous HYDRECO Four-Bolt design provide higher pres- 
sures, higher speeds and higher efficiencies than were pre- 
viously available. You'll want to know more about the 
many Heavy Duty features in HYDRECO Pumps. A full 
range of sizes — 3.3 to 55 gpm at 1200 rpm, 1000 psi. 


HYDRECO AUXILIARY VALVES 1000 /2000 psi 


HYDRECO engineers have made very important contribu- 
tions to the modern hydraulic system in the Relief and Selec- 
tor Valves now available for your applications. For ac- 
curate control over a long service life, HYDRECO Relief 
Valves in capacities to 80 gpm serve without chatter, squeal 
or whistle. The Selector Valves enable you to perform addi- 
tional operations with your system, and these are avail- 
able in capacities to 50 gpm. 
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DUDCO VARIABLE DELIVERY PISTON PUMPS 5000 psi 


The PV-600 Variable Delivery Pumps give designers a source of 
Fluid Power that is modern, compact, flexible, efficient and eco- 
nomical. These pumps are offered with two types of Variable Delivery 
Control. The handwheel Control provides accurate manual adjust- 
ment of delivery from zero flow to full flow. The Pressure Com- 
pensated Type features automatic pressure and flow control . 
delivery is reduced as pressure in the system reaches a pre-fixed 
maximum. Delivers 3 gpm at 5000 psi at 1200 rpm. 


"DUDCO DOUBLE PUMPS WITH VALVE PANELS 2000 psi 


These integral units meet the broad demands of circuits which call 
for substantial variation in pump volume, such as: "close and hold" 
or "traverse and feed" cycles. Hydraulic Presses, Plastic Molding 
Machines and many Machine Tools find these units highly efficient in 
operation, low in first cost, dollar-saving in reduced piping and valv- 
ing in the circuit and supremely simple to service. Can be used in the 
operation of two separate systems or for Hi-Lo circuits: 


THE NEW YORK AIR BRAKE е) 


1112, EAST 222nd STREETe CLEVELAND 17+OHI0 


INTERNATIONAL SALES OFFICE, 90 WEST ST., 
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NEW YORK 6, N. Y. 


DUDCO DUAL-VANE HYDRAULIC PUMPS 2000 psi 


Featuring a simplified, 3-unit construction, these DUDCO PF-100 
Pumps provide designers with "a High Pressure Pump at a Low Pres- 
Sure Price". The fully balanced DUAL-VANE construction assures 
high efficiency at higher pressures with wear reduced to an absolute 
minimum. Interchangeable Cam Rings add a factor of flexibility that 
conserves time and money. Available in flange and foot-mounted 
models, 3 to 11 gpm at 1200 rpm . . . 2000 psi. 
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HYDRECO CUSTOM-BUILT CYLINDERS 


HYDRECO Hydraulic Cylinders enjoy an established reputation for 
quality and dependability. To achieve this degree of dependability 
entails craftsmanship and manufacturing niceties not practical in so- 
called standard cylinders built to meet a price. For engineers who 
seek performance, long-wear under heavy duty conditions and un- 
matched leakproof qualities, HYDRECO engineering and craftsman- 
ship have something of special interest to offer. 


| | 


HYDRECO DIVISION 

THE NEW YORK AIR BRAKE CO. 

1112 East 222nd St., Cleveland, Ohio 

Gentlemen: 

Kindly send me catalog information on 

HYDRECO Pumps [] Motors [] Valves [] Cylinders C) 
DUDCO 2000 psi Pumps [] 5000 psi Pumps [] Motors [ ] 
Pumps and Valve Panels [] 


Name 
Address 
Сынов лн ДВИНЕ АИО 








HANNIFIN SQUARE 


AIR CYLINDERS 


_13 standard mountings. - .many combinations. Extremely 
Steel heads. Cylinders of hard-drawn, high 
polished then hard chrome pla 


SERIES "A" 


Made m 14" to 14".. 
easy mounting. 


close tolerances 
strength brass honed to а satin finish. Piston rods 
for extreme smoothness as well as corrosion resistance. 
TYPICAL MOUNTING STYLES 
V MANNIEIN 


IR 


Ss 


ground and 


Blind End Flange 


Centerline Lugs 
WRITE FOR 


BULLETIN 
213 
just off the press. 
The easiest cates 
log to vse in the 


Trunnions ct Rod End cylinder business: 
Write todey- 


Double Rod End Holes in Rod Head 


HANNIFIN AIR CONTROLS 


Hannifin has the 

E most complete 

он, many types, for es cones —À 

а nb cylinders, presses, and , , cam or solenoid 
recommendations. a 


DISC-TYPE VALVES 


Bronze discs lapped 

to perfect 
seats. Packless design. For ao with 
or electrical operation. i» 


WRITE FOR 
CONTROL 


P-M 
PILOT-MASTER VALVES VALVES 


The P-M line 
provides faster, easier 
most , 
ster Valves and Solen circuit. 2-Way 3-W and complet 
3-Way and 4-Way val T Pilot-Master Valves. . e coe w we I 
with a wide choice of operating т 
heads. 


HANNIFIN 


Hannifin 
Air and Hydraulic — * 3 Des 
Cylinders Wolf Rood, 
e Hydraulic Power Units « P een 
Hydraulic Presses * Air Control Valves 
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TYPE CYLINDERS 


BOTH WITH NEW, CARTRIDGE GLAND 


«externally removable 
, апа гер! 
without dismantling cylinder! T: 


Here's the bigge | 
st improvem i ; 
last 50 ent in cylinder design i 
— rs. —2 exclusive Hannifin — * AE » 
» externally removable and —— 
— = recommendations — P" 
в | 
и busto: е is new, too. Outside is the “Wi 4 
ебу ой purpose as it wipes both ways J —* 
кымы "a EU a dirt-free rod on the —X 
ا‎ aniis ...self-compensating, — 
out its longis. Á e. It provides an efficient seal th E 
man carries a е к for a demonstration ...every ni ai 
way sample of this "jewel" of a du d 
n 


SERIES “H” HYDRAULIC CYLINDERS 


bore sizes from 
rods. Steel heads. Steel cylinder 


3 standard mountings . 
olerances 
d polished then hard chrome 


g. Heavy-duty tie 
ds ground an 


11/2” #0 6...7 


for easy mountin 


Made in 9 
tin finish. Piston ro 


Extremely close t 
bodies "Tru-Bored" and honed to a so 


piated for minimum friction and long packing life. 
TYPICAL MOUNTING STYLES p 
= ; Hanne 


++ 


Standard 
Rod End Flange 
WRITE FOR 
BULLETIN 
113 


Get! your copy of 

this complete, 

easy-to-use cata- 

« log today- Every- 

Heavy Duty ‹ Standard | thing you need to 
Blind End Flange Blind End Flange Trunnions at Rod End Centerline Lugs order from is here. 


HANNIFIN 


Hannifin 
Air and Hydraulic Corporation, 5 
c 25 South Wolf Road, D 
ylinders * Hydraulic Power Units « did aines, Illinois 
Presses * Air Control 
Valves 
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CHOOSE BLACKHAWK 


for your 


product 


Electric Power-Packer 


Here’s the dependable answer for electri- 
cally-operated hydraulic control of imple- 
ments and attachments. Uses a 6-volt 
standard automotive starter-motor for power. 


Speed—Lifts the load three times faster 
than hand-operated pumps. 


Remarkable Efficiency means low battery 
drain. Tests show ordinary 6-volt auto 
battery (without rest or charging) still 
operating after 150 average lifts. 


Positive Displacement means no slippage 
under varying temperature and load con- 
ditions. 


Control is simple, precise! It lifts and 
lowers at any desired speed — and holds 
the load, too. 


Quiet, Smooth Operation— no peak loads 
on the battery — thanks to the balanced 
4-piston wobble-plate pump. 

Simple Installation —It is a complete pack- 
age — pump, reservoir, valve and electric 


Hand-Operated Power -Packer 
(Double-Acting) 


Specified as "standard" by hundreds of 
equipment manufacturers. No other hand. 
operated pump equals its sales records. 


SPECIFICATIONS 


MODEL P-60 


Maximum Pressure 


(P.S.1.) 


Displacement per 
stroke (Cu. In.) .294 „557 
Diometer of 
Pump Pistons у,“ 
— —— 
114 cv. in. 
Reservoii | с!озеа | 


Capacity [Cu. In.) | 231 cv. in. 
| vented | 


Р-63 


5000 2500 


11/16" 


114 cv. in. 
closed 
231 cv. in. 
vented 





Weight 30 lbs. Has А" МРТ. Рогі. 
Also available without reservoir for in- 
tegral mounting. 


Hand-Operated Power-Packer, Jr. 
(Single-Acting) 


The low cost of this refined, compact 
pump series permits hydraulics on a 
broadened range of equipment. 


SPECIFICATIONS 


MODEL P-146 | P-147 ' P-148 


Maximum Oper- 
ating Pressure | 
(P.S.1.) | 


Displacement 
per Stroke 


6000 5000 2500 


.15033 .19635 .37122 


Diameter of 


Pump Piston 7/16" у," 11/16" 


e — — ا‎ — 
Handle Effort at | | 
Maximum Pressure | 57 lbs. | 61 lbs. 58 Ibs. 
Reservoir 
Capacity 45 cu. in. when closed 
Weight 14 lbs. 7 oz. Has 7^" N.P.T. 
port bushed to 4" N.P.T. 


See Sweet's Product Designer's File 


YOU ARE INVITED TO WRITE FOR FULL FACTS — mentioning Blackhawk components in which 
you are specifically interested. Engineering counsel willingly furnished—in confidence. Blackhawk 
Mfg. Co., Hydraulic Control Division, - Dept. P-53105, Milwaukee 1, Wis. 
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head. Only four mounting holes. Port is 
WW" N.P.T. for use with Blackhawk equip- 
ment hose. 

SPECIFICATIONS 


MODEL | p.247 | 


Normal Operating 
Pressure (P.S.1.) 
Maximum Intermittent 
Pressure (P.S.I.) 
Reservoir Capacity 

105 cv. in. 


(Closed Reservoir) 105 cv. in. 
Reservoir Capacity 

(Vented Reservoir) — | lóó cu. in. | 166 cv. in. 
For use with 6 volt D. C. Systems. 


P-248 delivers 70 cu. in. of oil r minute at 
2500 p.s.i. with power drain of 660 watts; or, 
another example, it delivers 50 cu. in, of oil per 
minute at 5000 p.s.i. with power drain of 815 
watts. Weight 58 lbs. 8 oz. 


P-248 
| — 5000 2500 — 


| 
10,000 |  — 5000 





(Electric pump-head is available as separ- 
ate unit for converting P-60 and P-63 Pow- 
er-Packers from hand-operation to electrical 
operation in the field. It's easy because 
reservoirs of hand-operated and electrically- 
operated units are identical.) 


Power-Driven Power -Packer 


Pump, valve and reservoir are in one 
package . . . eliminating expensive piping 
and installation problems. The pump 
has the same characteristics found in the 
popular P-104 Pump (opposite page). 


SPECIFICATIONS 


MODEL Р.219 P-220 


Capacity of G.P.M. 
at 900 rpm 


Maximum Intermitten 
Pressure (Р.5.1.) 


Normal Operating 
Pressure (P.S.!.) 


Recommend Speed 
Range (rpm) 


Reservoir Capacity 
(closed) 


Reservoir Capacity 
(vented) l 

Weight — 70 Ibs. | — 5215 lbs. 
%'' N.P.T. port. = s i 2 


1.375 135 — 


4000 4000 — 


2500 2500 — 


600-120 | — 600-1200 


1 gal. à gol. — 


2 gal. 1 gal. 
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HYDRAULIC CONTROLS 


Scores of critical designers and buyers recognize that Blackhawk hydraulics 
create exclusive advantages for the engineering, manufacturing, sale and service 
of their products. Blackhawk has specialized in this field for over 25 years. 


VALVES 


15 H. P. 6-PISTON WOBBLE- 
PLATE POWER - DRIVEN PUMP "VALVBANK" POSITIVE- SEALING 


This modern. pump — No. P-237 — offers over-all effi- CONTROL SYSTEM 
ciencies above 90% — with no premium in price. Positive The V-68 valve IS an open-center, 
displacement makes a wide range of pressures and speeds series-type precision-control valve. Hy- 
practical. Delivers 3 G.P.M. at 1350 R.P.M. and 6000 draulically balanced, it handles up to 
P.S.l. with only 11.65 H.P. input. Following are charac- ID — aaa پا‎ 
> i c > > > ed ғ mee > f nge - la 
conve eden rm recommended speed and pressure for -— — "Valvbanks" on CLP 
up in any combination of single and 
Speed R.P.M. Pressure Р. double-acting control units and іп- 
2200 47 4800 P.S.I. clude a relief valve. It is spring- 


— returned to the neutral “hold” posi- 
1750 | 39 6000 Р.5.1. tion, providing “deadman control.” 


Weight — 40 Ibs. All ports are М” standard pipe thread. 


SELECTOR -TYPE CONTROL VALVE 


5 H. P. TWIN - PISTON The V-66 precision control valve is 
POWER-DRIVEN PUMP for use up to 4000 P.S.I. and 2.5 
Th itive-displ P-104 pump G.P.M. Available in "bank" style like 
e positive-displacement P- um „л : 1 : Z 
is famous for the amazing perform- the V-28. Compact. Normally recom 
ance it achieves with its low-cost mended for use with the P-104 power- 
design. Practical for pressures up to driven pump. Handle remains in se- 
4000 P.S.I. in intermittent operation, a à н ted : 
At 900 АРИ it delivers 1.375 lected position until manually returned. 


G.P.M. at 4000 P.S.I. with 5 H.P. Has ?$" N.P.T. ports. 
input. 


SPECIFICATIONS 
Recommended maximum pressures — 4000 P.S.I. SINGLE-ACTING POSITIVE CONTROL 
for intermittent use .. . 2500 P.S.I. for continuous use. VALVE 
Capacity (at 900 R.P.M), 1.375 G.P.M : ' 
Speed (at maximum pressure) — minimum, 600 R.P.M.—Recom- An open-center, spring-returned, sin- 
mended, 900 R.P.M. — Maximum, 1200 R.P.M. (Maximum speed gle-acting control valve. Simple con- 
can be exceeded with reduced pressure). struction—low cost—rugged. The V-15 
The integral safety valve is normally set 500 P.S.I. above working includes a cushioned lowering device 
pressure. * la which also allows connection of valves 
c cunda. AA = m 7% (including shaft) in series for multiple ram control. For 
— 3 light return loads, the V-16 affords 
less restriction in returning oil, but 
can be used in the control of only one 
ram — handling up to 2.5 G.P.M. 
maximum flow and 4000 P.S.I. oper- 
ating pressure. All ports are %° N.P.T. 
bushed to 4" N.P.T. for use in sys- 


CYLINDERS * се —— volume. Weight 


AUXILIARY VALVES 


Blackhawk Valves are also available 
for remote release and relief purposes, 
adjustable throttling, manual shut-off 
and safety pressure-release. 


Blackhawk offers a long line ot 
standardized hydraulic cylinders. 
Exclusive, leakproof designs. 
Special single or double-acting 
cylinders are produced on quantity 
orders. 


Ve 


({ BLACKHAWK 
HYDRAULIC 


An Emblem 
Representing 
Dependability 
Throughout 
industry 
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.« » LIBRARY FOR THE DESIGN ENGINEER 


(INDUSTRIAL, MOBILE, AIRCRAFT, MARINE, Etc.) 


The bulletins shown here, plus many more, 
offer the design engineer much useful informa- 
tion on the most complete line of hydraulic 
equipment available . . . the comprehensive 
Wickens line. Vickers Hydraulic Equipment has 
proved its superiority in a great variety of 
applications serving practically all types of 
industry. 


In addition to such bulletins, Vickers has on 
file a wealth of specific application information, 


VICKERS 
INCORPORATED 


1599 OAKMAN BLVD. > 


DETROIT 32, MICH. 


design suggestions and other data. These files 
have been built up over more than a quarter 
century of hydraulic experience. 


Whenever you are confronted with a design 
problem requiring oil hydraulics, you will find 
it helpful to refer to the appropriate Vickers 
bulletins. Get in touch with the nearest Vickers 
Application Engineering Office for additional 
specific data you may need. 


Application Engineering Offices: ATLANTA «+ CHICAGO 
CINCINNATI + CLEVELAND + DETROIT + HOUSTON 
LOS ANGELES AREA (El Segundo) + MINNEAPOLIS + NEW 
YORK AREA (Summit, N.J.) « PHILADELPHIA AREA (Media) 
PITTSBURGH AREA (Mt. Lebanon) * PORTLAND, ORE. 
ROCHESTER*ROCKFORD+SAN FRANCISCO AREA (Berkeley) 
SEATTLE + ST. LOUIS + TULSA + WASHINGTON + WORCESTER 
IN CANADA: Vickers-Sperry of Canada, Lid., Toronto 


ENGINEERS AND BUILDERS OF HYDRAULIC EQUIPMENT SINCE 1921 


Note: — The letter following the bulletin number indicates the Industry Classification. 


(A) — Aircraft products 
(I) — Stationary industrial machinery products 


moveo 
Desert VRIR. pumps 
VARIABLE DISPLACEMENT 2000 pe! 


ICKERS 
ааай СА 





А-5203А (А) 7246 (1) 
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SANITARY VALVES SV-2700 SERIES 


Illustration shows approved Sanitary Valve — 
Model SV-2700-1. 


The following optional features are standard on this Model: Male 


fittings suitable for use with %” I.D. Plastic Tubing, Metering and 
Conduit Electric Connection. 


Elec. 115 V. 60 Cy. 10 Watts 
List Price $11.50 


Additional optional features available E, F. (See Table ll) 


Model shown: basic 4 Model Shown: 


Sanitary Type [| IER SV-2700-16 
VALCOR Valve | s 


Basic Valve with Ya” female pipe 


5ү-2700-8 inserts and standard pigtail 


leads, 


Male fittings for V," 1.0. Plastic EES Elec.: 115 V, 60 Cy. 10 Watts 
Tubing and standard pigtail E List Price: $9.00 

leads. 4 Optional features: Available B, 
Elec.: 115 V. 60 Cy. 10 Watts s C, D, E, F. (See Table 1!) 

List Price: $9.50 ы j 

Optional features: Available A, 

B, C, E, F. (See Table 11) 


For Sanitory Valves use Table 1. Specify For Brass body volves use series number shown. IMPORTANT: Port 
model number exactly os shown (Exomple: size must be indicoted. (EXAMPLE: SV-2900-'4. This shows'the flow 
SV-2700-3). 1# odditionoal! features are diverter valve with 4," МРТ pipe size. If Ye” is needed, you would 
needed; see Table I! and add the proper SV-2700-3 $10.25 then show it as SV-2900- Vg ".) SV-2900-% $11.50 
letter (Exomple: SV-2700-3-E). The List Price Option € 1.50 If additional features ore needed (Table ll), add proper letter Option F 75 


on this unit now becomes: Toe! Us $1175 (Example: SV-.2900-V4-F). The List Price on this vnit now becomes: тою џи $12.25 










VALCOR SOLENOID VALVES 
New Floating Seal Designs 


The VALCOR Valve is an entirely new departure in 
Solenoid Valve design. Its operating superiority has been 
proven over many years in its increased utilization by 
the aircraft industry where dependability and superior 
performance are urgent. The latest VALCOR Floating 
Seal Solenoid Valves are engineered for use in food vend- 
ing machines, machine tools, chemical, food and drug 
industries, oil burners, air conditioning, laundry ma- 
chinery, air and hydraulic cylinders and other general 
industrial and fluid power applications. They feature, as 
all VALCOR Valves do, absolute minimum pressure drop, 
100% efficient seal in either direction, self cleaning, self- 
lapping floating seal, durability under extreme conditions, 
features that permit engineers a freedom of design never 
before possible. 


Features of the SV-2700 Series 
A completely sanitary design—no blind holes, no internal 
threads, no 90° angles. It can be completely disassembled 
in seconds without any tools, An exclusive feature is a 


transparent see-through body that permits you to observe 
valve in action. Flow is straight-through and permits up 
to 300% more flow size for size than competitive valves. 
External fittings are an integral part of Valve, the interior 


surface serving as the Valve seat. VALCOR SV-2700 Valve 
Series, with built-in fittings, are lower in cost than using 
standard female ported valves and then buying fittings at 
extra cost. 


Features of the Valcor Series SV-300, SV-900, 
SV-2900, SV-1000 


These Valves are low in price, afford high durability and 
top performance for every possible application, even 


under heavy contaminent conditions. They feature, along 
with the SV-2700 Series, the exclusive VALCOR patented 
floating seal, which will outlast conventional sealing 
methods. The floating seal is self-cleaning, can’t clog, 
because Valve seats are wiped clean with every stroke. 


Simplify your design problems, specify VALCOR. 


4—WAY BRASS BODY 


For use with water, 
oil, air and gases. 


PIPE SIZES 

Ve" or '4" N.P.T. 
Elec.: 115 v— 

60 cy., 10 watts 


Max. Pressure: 
125 Ibs. 
List Price: $16.50 


Optional Features: 
F (See Table 11) 


SOLENOID VALVES 











SERIES 
SV-300 


2 WAY — BRASS BODY 

Normally Closed. For use with 

water, oil, air and gases. 

PIPE SIZES '4" or '4" N.P.T. 

Elec.: 115 V—60 cy., 10 watts 

Max. Pressure: 125 Ibs. 

List Price: $8.50 

Optional Features: B, C, F (see 
Table 1!) 


SERIES 
5у-900 
3 WAY — BRASS BODY 


For use with water, oil, air and 
gases. 
PIPE SIZES %&” or 4” NPT. 


Elec.: 115 V—6O cy., 10 watts 
Max. Pressure: 125 Ibs. 
Normally Closed 


List Price: $10.75 
Normally Open List Price: $11.50 


Optional Features: B, F (see 
Table 11) 





SERIES 
SV-2900 
FLOW DIVERTER VALVE 
— BRASS BODY 


For use with water, oil, air and 


gases. 

PIPE SIZES %4” or 4” NPT. 
Elec.: 115 V— 60 cy., 10 watts 
Max. Pressure: 125 Ibs. 

List Price: $11.50 

Optional Features: B, F (see 


Table 1!) 


VALCOR ENGINEERING CORPORATION 
Carnegie Avenue, Kenilworth, New Jersey 





TYPICAL 
fp) VALVES 


DISTRIBUTED 
NATIONALLY 


MIX OR BLEND : FOR LIQUIDS 


a- 


More than 
1000 {4} Valves 


id id {| ibili Model 240Y constant level oil control 
provi B WI e exi і ity valve. 23 basic models for any vaporiz- 
ing oil burning appliance. Choice of 
automatic thermostatic control acces- 


in handling these commo mum X cries 


DIFFERENTIAL Model 65 water regulating valves—34", 


lo" and 94", 65 to 200 psi (F12 type) 


7 basic functions and 1" and 134", 165 to 300 psi (F22 


type). Many exclusive features. 


FOR GAS 


CONTROL FLOW 


нин 


CONTROL PRESSURE 


Model 55 Gasapack — 5-in-l gas con- 
trol combines 100% automatic pilot, 
large pilot filter, pressure regulator for 


- | | city gas, main shut-off, pilot shut-off. 
Model 73 all-purpose | Electric, snap and modulating-snap 
solenoid available in 4 thermostat accessories, 
body styles, 3 orifice 


sizes. FOR REFRIGERANTS 
Use Model 73 (right) | TLEI pe 1 ; 
in mechanical refriger- 
ation systems, as two 
temperature valves, and 
as liquid line, conden- 
ser water, suction line 
and hot gas line stop 
valves. Exceptionally 
quiet operation. Choice 
of sizes: 3/32", 3/16" 


z Model 209 adjustable pressure limit, ad- 
and 5732”. 


justable superheat expansion valve. All- 
ا‎ — purpose type, with A-P liquid charge. 
Industrial applications for A-P valves are limitless. As head- — Also a full range of pressure regulating 

. . . * ~< * T є >Q i » à ] i > 
quarters for automatic flow-control engineering, A-P will ( and check valves, filters and driers. 
be happy to work with you to select or design a valve to 
solve practically any flow-control problem. Write for > MILVACO VALVES 

„у ш 


latest facts on the wide variety of A-P controls. (A-P Controls subsidiary) 


Model 575 Globe Valve 
— A complete line of 
angle, gate, check 


DEPENDABLE Aa For Air * Liquids * Gases * Refrigerants valves and fittings 


plus specialty types 


A-D (CONTROLS CORPORATION Ap == 


7401 N. 32nd Street, MILWAUKEE 45, Wisconsin 
COOKSVILLE, Ontario NIJMEGEN, Holland 


For Export: 13 E. 40th Street, New York 16, N. Y., U.S.A. 


Ask for a copy of “Solving flow-control problems” 
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DEVELOP OIL HYDRAULIC POWER 
2 to 100 gpm— continuous duty operation 
up to 1500 psi—up to 1800 rpm—single 
or double rotation — constant delivery. 


Pad mounting 


Fig. 1 — Two gear pumps assembled in tandem on common shaft 
deliver independently — can be piped for dual operation or com- 
bined for double capacity single operation. "Pressure Pocketing" 
reduces slippage, friction and wear—volumetric and mechanical 
efficiency over 90%. 


OUTPUT (G.P.M.) 
GEAR SPEED | 2¢ discharge pressure psi at discharge pressure psi 


SIZE (R.P.M5| 500 1000 500 1000 1500 


INPUT (Н.Р.) 


UTILIZE OIL HYDRAULIC POWER 

2 to 68 hp—continuous duty operation 
up to 1500 psi—up to 1500 rpm—single 
or double rotation — variable speed. 


Precision ground steel gears 


Gear roller bearings 


Flange mounting 
І 


Fig. 2—Single gear motor can be piped from side on end ports. 
Extra large gear bearings maintain shaft alignment; heavy-duty out- 
board bearing absorbs drive shaft and shock loadings. New leak- 
proof oil seals maintain internal pressure balance. 


INPUT (G.P.M.) 
at input pressure psi 


1000 1500 


OUTPUT (H.P.) 


at input pressure pel 


1500 


GEAR SPEED 
SIZE (R.P.M.) | 600 





PC 600 i 1.1 2.3 3.5 
sERIES 1200 3.6 j i 4.5 | 
1” 1800 : 6. 67 10. 


6.4 4.0 
13.0 8.0 
19.0 12.0 





Performance data for PC and PD pumps having gear widths other 
than shown above can be approximated by multiplying values in 
above table by width of desired 
gear; for PJ pumps multiply by 
1/2 the width of desired gear. 


PC SINGLE PUMPS 

3 gear widths, 1/2”, 1”, 1-1/2". 
4 round shaft sizes. 

pedestal and 3 flange 
mountings. 

tapped ports—side or end. 


PD SINGLE PUMPS 


7 gear widths, 1/2", 3/4’, 
„ШЕ, ONT. 


A* = 5'4"+ gw 
" 
» D series 


8 round and 3 splined 

shaft sizes. 

pad and 7 flange mountings. 
tapped ports—side or end. 


PJ SINGLE PUMPS 
5 gear widths, 2", 2-1/2", 3”, 
3-1/2* and 4" 

1 round and 1 splined 

shaft size. 

2 flange mountings. 

tapped or split flange side 
portings. 


А : 
*When fitted with socket head cap screws. If fitted with hex head 
cap screws add thickness of head. 


.1 
1 
6 
2 
5 
0 
3 
2 


Performance data for MC and MD motors having gear widths other 
than shown above can be approximated by multiplying values in 
above table by width of desired 
gear; for MJ motors multiply by 
1/2 the width of desired gear. 


MC SINGLE MOTORS 
3 gear widths, 1/2", 1", 1-1/2”. 
4 round shaft sizes. 

pedestal and 3 flange 
mountings. 

tapped ports—side or end. 


MD SINGLE MOTORS 
7 gear widths, 1/2’, 3/4’, 

1°, 1-1/2°, 2”, 2-1/2", 3°. 

8 round and 3 splined 

shaft sizes. 

pad and 7 flange mountings. 
tapped ports—side or end. 


MJ SINGLE MOTORS 
5 gear widths, 2*, 2-1/2*, 

3", 3-1/2” and 4”. 

1 round and 1 splined 

shaft size. 

2 flange mountings. 

tapped or split flange side 
portings. 


The Commercial Shearing and Stamping Company ® Youngstown, Ohio © Chicago, Ill. © Salt Lake City, Utah 


Cylinders 


аљ тта by Customer Kleceplance 


Pumps - Motors - Valves - 
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Z7 £Jeuble /;L;« WIDE LINE OF 


HYDRAULIC CONTROL VALVES 
Offers you... 


yk PIPE SIZES: %4” THRU 2” 


OPERATING PRESSURES: MODELS FOR 
2000 P.5.1.—3000 P.S.I.—5000 P.S.I. 


FK MOUNTING TYPES: CONNECTIONS IN 
BODY, SUB-PLATE MOUNTING, FLANGED 
CONNECTIONS 


BY-PASS and CHECK VALVES 
(for counterbalance and sequence 
applications) 


BY-PASS VALVES (for sequence 


RELIEF VALVES 
and unloading applications) 


REDUCING and 


REDUCING VALVES 
CHECK VALVES 


TRAVERSE and FEED CONTROL PANELS 


SOLENOID CONTROLLED 
PILOT OPERATED VALVES 


PRODUCTS CO. 


MANCHESTER, MICHIGAN 


FLOW CONTROL 


VALVES DIRECT SOLENOID VALVES 


Æ ouble 


WRITE FOR NEW FULL LINE CATALOG 
OR CONTACT YOUR LOCAL REPRESENTATIVE 


CALIFORNIA 


The Rucker Co. 
Oakland -Olympie 3-5221 
Los Angeles- Kimball 8271 


COLORADO 
Alta Engineering Co. 
Denver- Empire 6-3557 


GEORGIA 
J. A. Postell 
Atlanta-Atwood 867! 


ILLINOIS 


Walter Norris Engineering Co. 
Chicago-State 2-2804 


INDIANA 
TEC Engineering Corp. 
س‎ 3-8538 
an 
Munele 2-7735 


J44 


KENTUCKY 
Seott Industrial Equip. Co. 
Louisville-Clay 2238 


LOUISIANA 


Sintes Sales Engineers 
New Orleans- 2882 


MARYLAND 


Collifiower, Ine. 
Ellicott City-871 


MASSACHUSETTS 


The James Stewart Company 
Amherst- 1320 
Brookline- Beacon 2-8989 


M 
J. N. Fauver Co., 
Detroit- Temple, bw TE 


Flint-Cedar 5 
Grand Rapids "5-1247 


MINNESOTA 
H. U. Rogness, Ine. 
Minneapolis- Geneva 1045 
MISSOURI 
Lyan SN Elliott Co. 
ansas City- Victor 2197 
oun E. Jost Се, 


St 7.. 8-4488 
NEW JERSEY 


The Alreyal Company 
Maplewood-So. Orange 2-170! 

The Ce. 

Trenton- Export 3-5350 


NEW YORK 


The Alroyal 
New York- 
R. C. Neal Co. 

Buffalo- 


OHIO 
Lax Industrial Products, Ine. 
Cleveland- Wyoming 1-7700 
H ie Power E ment Co. 
orth Lima- Kim 9-3717 
Soott Er Equip. & Eng. Co. 
Cinein -Main 
Columbus- Walnut 4697 
үмут al p 


та —m 3598 


OKLAHOMA 


Leo Johns Co. 
Tulsa- Madison 6-3618 


J. 


PENNSYLVANIA 
Erie MY Supply 
e-2-323 
The Dottor Corp. 
Philadel — 5-7760 
— & Supply Co. 
Pittsburgh." ainut 1-7705 


TEXAS 
Womack Machine Supply Co. 
Dallas- Dixon 6997 
Lynn Elliott Co. 
Houston-Charter 4715 
VIRGINIA 


Cardwell Machine Co. 
Richmond -7-2985 


WASHINGTON 
The Rucker Co. . Seattle 


WISCONSIN 
e. L 


. Thompson 
Milwaukee-Hilitop 4-4817 
OUTSIDE 
CONTINENTAL 
U. S. CONTACT: 
унер tuer 
ew е 
New York, New York 

Phone: Worth 
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ROTARY AIR MOTORS, COMPRESSORS, VACUUM PUMPS 
OFFER BIG ADVANTAGES AS ORIGINAL EQUIPMENT ON 
HUNDREDS OF PRODUCT APPLICATIONS . . . 

— Ee ° TYPES, 5 SIZES—TO 3 HP 


specifications 
Explosion-proof Gast Air Motors give 


you amazing compactness and light weight 


for hp rating. You get the advantage of a modal no. 


і 
z 
3 
E 


ш, "nel wi 
141b 


wide range of variable speeds plus low 1AM 
speeds without stalling. They'll start in 
any position. They can't burn out from 2AM 


ЗЕ 


541 


© ФФ 


overloads. Rotor vanes take up their 


4AM 7% te 


own wear. Simple, almost service free, 
Gast Rotary Air Motors “fill the bill" 


in many equipment applications with low 


first cost. 8AM 


6AM 17 lb 


وو اوو موا ومام 
58568586886 


25 Ib 
9 i 


tiie Ge ai ete E 4AM-FCC-IC * IAM-NCC-11 * 2AM-NCW-16 


specifications 
Integral (motor-pump)—Compact, light 


weight, efficient “package” units. Vanes 

take up their own wear. Compressor model 
rotor mounted on motor shaft for quiet, 

pulseless air delivery. 


model no. 


Light-Duty — For intermittent service. i ntegrel 


otor- 
Quick pick-up, positive displacement. Re- = 


"2o 
лоо 
vu 
өз 
ro 
88° 
FFF 


semble heavy-duty models but without pressor) 


lieht- 
duty 


fans or deep cooling fins, not needed for 
brief operating periods. Simpler lubrica- 
tor. (Not illustrated) 


= 
* 


wn 
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— — 
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Heavy-Duty—Fan-cooled—For long, con- 
tinuous operation. Rotary design gives 
more air per Ib., per hp. Automatic 
lubricator has self shut-off. 


E 

моми 

oowoo 
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“Weight without base or motor, except integral models. 


«IUE. TYPES, 16 SIZES—TO 28 IN. 0211-P3A-G10X 1065-P20A-39 


specifications 
Integral (motor-pump) — Compact, light 
weight, “packaged” units. Save mounting PEE 

cost and time, Especially suited for port- 10 min- | hp | net wt" 
able equipment. Rotor mounted on motor 

shaft. Rotary design gives quiet operation, 
pulseless vacuum. Vanes take up own 
wear. 


— 
o 


=o 
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Light-Duty — For intermittent service. 
Give quick pick-up, trouble-free perform- 
ance. Resembles heavy-duty models but 
without external fans or deep cooling fins. 
Simpler lubricator. (Not illustrated) 
Heavy-Duty-Fan-Cooled — Built for con- 
tinuous service, dependability, minimum 
maintenance. Forced air cooling, deep 
cooling fins. Automatic lubricator has 
-V4- -V-2-154X 
self shut-off. 1065-V4-34 0406 5 
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Gast offers you specialized experience in air motors, compressors 

and vacuum pumps for original equipment. Based on 9 design 

жад ; types and 17 sizes, over 200 different Gast models go into pro- 
Eo duction each year. With the various accessories, these models 


! sizes, arate icati 
— тар have a tremendous number of applications. 


drive — 2 sizes, 
integral - motor "Air may be your Answer!” Write for detailed information on your application. 
Write for “Oil- Original Equipment Manufacturers for Over 25 Years 
мн” Вий. wy AIK MOTORS - COMPRESSORS - VACUUM PUMPS 
3040-V103 —— P (TO THREE H.P.) (TO 30 185.) (10 28 INCHES) ' 
ATP PE GAST MANUFACTURING CORP.,P.0. Box 117W, Benton Harbor, Mich. 
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Ar Cat MASTER VALVES 


BASE MOUNTED . . . WITH STANDARD PIPE SIZES: “4, %, У, 34. 


4-WAY Full-capacity flow control meters of the Venturi type are built in. Valves 
WITH INTEGRAL have a one-piece balanced spool riding on aircraft type packing eliminating 


FLOW CONTROLS metal-to-metal contact. 


Pilot valves for four distinct functions are included in 
this line. They are high-pressure operated, low-pressure 

PILOT VALVES operated, delay actuation and immediate actuated types, 
for automatic and semi-automatic, or sequence of oper- 
ations. 


For simplicity, a direct acting hardened cam roller pro- 
vides control for this series of Master Cam Valves. The 

CAM VALVES entire cam head can be rotated to allow a 90° angular 
positioning between roller and valve body. Valve can be 
mounted in any position. 


The hand, foot, or treadle operated line of this series of 
valves provides; | position locking (neutral) with all 

HAND OR FOOT ports blocked, 2-position locking, and 3-position locking, 
and spring centered or spring return spools allowing for 
a wide range of control. 


The single continuous-duty solenoid for pilot control of 
SINGLE SOLENOID this valve has a maximum power consumption of 10 
PILOT watts. This means low inrush and holding amperage, and 

longer micro switch and relay point contacting life. 


Dual solenoids of the continuous-duty type make this 
DOUBLE SOLENOID ilot-operated valve a momentary electrical-contact 
type, thereby allowing the designer the choice of a 
PILOT bend i 
full electrical control circuit. This valve must be 
mounted about its horizontal axis. 


All the above valves are base-plate mounted; therefore, after installation, piping does not 
have to be disturbed to service these units. Complete information on above valves will be 
sent on request, 


ALL VALVE DELIVERIES ARE MADE FROM STOCK. For prices, discounts, etc., 
please contact Factory. Information will be sent out immediately. 


. . WESTERN UNION: 
PHONE: AIRMATIC VALVE INC. 
WOodbine 1-5320 FAX. CLEVELAND, OHIO 


RIRIDIBTIC URLUE, Int 


7317 ASSOCIATE AVE. CLEVELAND 9, OHIO 
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HANNA :.»:::. CYLINDERS 


Hanna T 750 Fluid Power Cylinders 


Air Operation to 250 psi, Hydraulic Operation to 750 psi Air or Hydraulic Operation to 110 psi 
Write for Catalog 750A Write for Catalog 236A 


Heres Cverything You Meed 


Packaged As You Want It 


I "Good things come in small packages," it is said 

. so do Hanna Cylinders . . . and in medium and 
large packages, too. From the complete Hanna Cyl- 
inder line, up to 1,500 psi capacities, you can select a 
standard size and mounting style, with the power and 
stroke you need, to exactly suit your applications. Of 
course, you will be sure it's the finest cylinder for the 
job—because it's a Hanna. Well over fifty years of 
design and manufacturing experience guarantee that. 

So, when you need reliable cylinders for products 
you make for resale, or for use in your own plant, con- 
sult a Hanna representative, or call on our plant 
engineers to help you find the most efficient answer to 


your problem. Also write us for technical literature. 


The complete line of Hanna Valves assure Hanna HP Cylinders 


most efficient cylinder operation— 


ask for Catalog 254. Hydraulic Operation to 1,500 psi 
Write for Catalog 2338 


Hanna Engineering Works 
1763 Elston Avenue, Chicago 22, Illinois 
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MARVEL Synclinal FILTERS 


For Hydraulic Oils, Fire-Resistant Fluids, 
Coolants, Lubricants and Water 


For either sump or line installation on all hydraulic and other low pressure circulating systems. 


Both types ore easily disassembled, thoroughly cleaned and reassembled in a matter of minutes. Line 
type operates at full efficiency in any position and may be serviced without disturbing pipe connections. 


Choice of OVER 600 O. E. M.'s as Standard Equipment 
MEET J. I. C. STANDARDS 


B —— —À—— 


Q SUMP TYPE ENGINEERING DATA 


‘Stondord Mesh (ther ovosloble mesh uzes ronge from coorse 30 to fine 200) 


SUMP TYPE DIMENSIONAL CHART 


Sump Type 
(Cutaway) 


PARTS 1. Coupling 3. Reinforced Synclinol Imert 5. Expanded Metal Protective Housing 
LIST 2. Top Cover 4. Bose ond Perforated Centering Tube 6. Neoprene Washers (Top and Bottom) 


«— — —LINE TYPE 


LINE TYPE ENGINEERING DATA (++) 


225550 





225550 
SsiC- 1-10 E в 225550 


518.14 .20 u* " 225550 


$L,A-15-30 





$LA-2-50 E 00* 225550 
Line Type *Stondord Mesh (other cvoiloble mesh pres rompe from coorse 30 to fine 200) 
(Cutaway) All Line Type ^ Are Designed For A Mosimum Working Pressure OF 608 Gouge 


LINE TYPE DIMENSIONAL CHART (++) 


5 c- 1-10 





58.1% .20 


© Б> o 





“А-1 








УА .2-50 


ince Morvel Syndinol Line Type Filters can be set in any position, this of the top. Likewise, if he filter is placed horizontally or ot any other 
leoronce spoce need no! be below the filter. if the Aher ib ploced ongle, clearance spoce wil be needed accordingly 
vpword msteod of downward, then the clearonce space would be needed 


"^ 


PARTS LIST 5. Perforated Centering 8. Neoprene 11. Head Casting 
T 
Tube and Bose m (Top and 12. "O" Ring (Small). 
. Reinforced Synclinol For Hand Nut 


Insert 9. 1 Over 
Metol Washer T M» 13. Hond Nut 
. Expanded Metal Pro- 10. "O" Ring (Lorge) — 
Neoprene Gasket tective Housing For Heod Casting 


Outer Housing 


——————M—— 


uz 


TP Шш! 
by 


Tension Spring 


кж 


(**) 75 and 100 G. P. M. Filters also available. See оона 
ЕЪР тл бз рер б ола 


Catalogs Available on Request 


Catalog #106 for Hydraulic Oils, Coolants, Lubricants. 
Catalog 00 for Water. 
Data on LÀ for all types of Fire-Resistant Fluids. 


MARVEL ENGINEERING COMPANY 
7227 N. Hamlin Ave. Chicago 45, Ill. Phone: JUniper 8-6023 
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ELECTRONICALLY 
CONTROLLED 


hydraulic 


power 
FOR DO nou 


When Champlain Company, Inc. developed 
their amazing REGISTRON for automatic 
color register control on rotary presses, they 
needed a fluid motor that was precise. After 
exhaustive testing of many types, only Eastern 
Fluid Motors met their high standard for per- 
formance. 

Eastern Fluid Motors are lighter, more com- 
pact, and give rapid response because small 
components give low inertia loads. They quickly 
transform electronic signals into smooth flow- 
ing, precise hydraulic power. 

Registrons are installed on high-speed rotary 
presses that — print as many as 
eight colors on a web of paper that travels at 
speeds up to 1500 feet per minute. Each color 
must be perfectly registered to tolerance of 
0025" or printing appears fuzzy. The Cham- 
plain Registron inspects the moving web and 
the rotating printing cylinder, predicts the oc- 
currence and direction of an off-register condi- 
tion, and starts and completes a correction 
quickly. 

Eastern is proud to have a part in Cham- 
plain's Registron which has developed auto- 
mation in answer to printing's toughest pro- 
blem. 


A 


Close up of a phase detector with Eastern 
Fluid Motor atop it. The fluid motor supplies 
instant power to move the printing cylinder 


and correct off-registration within a tolerance 
of .0025”, 


Rear view of 8-color, 36” rotogravure press showing individual Registron control units cable-connected 
to their respective phase detectors. A second cable carries impulses to the units from each web scanner. 


x D 


HYDRAULIC PUMPS FLUID MOTORS 


If your application calls for precision hydraulic 
equipment that performs within strict 
tolerances, Eastern equipment may provide 
your best answer. For helpful operating data 
on fluid motors, hydraulic pumps, and 
aircraft-type pumps, request catalog series 34. 


Product Engineering — Mid-October, 1955 


AIRCRAFT-TYPE PUMPS 


INDUSTRIES, INC. 


100 SKIFF ST., HAMDEN 14, CONN. 
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Acids 
Acetates 
Alcohols 
Ammonia 
Beer 
Bilge Water 
Black Liquor 
Bleaches 
Brines 
Catsup 
Caustics 
Coal Tar 
Cream Corn 
Creosote 
Dog Food 
Dyes 
Enamels 
Fish Juices 
Fuel Oils 
Gasoline 
Glucose 
Glue 
Glycerine 
Grape Juice 
Kerosene 
Lacquers 
Lord (hot) 
Mash 
Mayonnaise 
Milk 
Mineral Oil 
Molasses 
Oils — 
Cooking 
Crude 
Lube 
Palm 
Vegetable 
Naphtha 
Paints 
Paraffin 
Printing Ink 
Rubber Cement 
Salad Dressing 
Shellac 
Silicate of Soda 
Sizings 
Slop Brewery 
Soaps 
Solvents 
Soups 
Starches 
Syrups 
Tan Liquor 
Tallow 
Tar 
Tomatoes 
Turpentine 
Varnishes 
Vinegar 
Wine 
Yeast 


economically 


The wide range of materials handled 

Blackmer Pumps is made possible throug 

the choice of vane and liner construction 

and material. Volatile and viscous liquids 

and many corrosive or mildly abrasive 

liquids and semi-solids can be handled suc- 

cessfully by Blackmer Pumps. ckı Blackmer 
. 3% Е „ . Sliding Swinging 

Sliding vanes and swinging vanes are avail- Vane Type 

able. They are self-adjusting for wear, 

easily replaced and furnished in materials 

designed to withstand the pumpage. 

The replaceable liner feature makes it pos- 

sible to restore new pump efficiency while 

saving the cost of an entire new pump. 

Available with chevron packing or mech- 

anical shaft seals. 

Blackmer positive bee: pumps are 

available in a range of capacities from 5 to 

1500 gallons per minute. 


Blackmer 


CUT MAINTENANCE AND 
REPLACEMENT COSTS 
ELIMINATE OUT OF SERVICE DELAYS! 


L| 
Twenty years of continual service is not unusual for a Blackmer Pump. When it is necessary to replace 
the liner or vanes, any mechanic can do so in a matter of minutes. This means lower maintenance costs 
and less time lost for servicing pumps. 


IN HAND PUMPS AS IN 
POWER PUMPS... BLACKMER 
PERFORMANCE SPEEDS LIQUID 
MATERIALS HANDLING 


MODEL BY-S25-A MODEL SD-625-D MODEL BR-414 
Blackmer Hand Pumps operate easily for itive control of most liquids from gasoline to molasses. 
All parts are easily accessible for cleaning and replacement. Self-priming with high suction lift, Blackmer 
Hand Pumps are ideally suited for plant use where spilling of liquids may prove dangerous as well as 
wasteful. Available in capacities from 7 to 28 gallons per minute. 


NS 
вука liquid materials handling ® 


— > BLACI 


INDUSTRIAL, HAND AND TRUCK PUMPS, STRAINERS, PRESSURE CONTROL VALVES 
BLACKMER PUMP COMPANY, GRAND RAPIDS 9, MICHIGAN 


DIVISION SALES OFFICES 
NEW YORK » ATLANTA » CHICAGO « GRAND RAPIDS « DALLAS « WASHINGTON è SAN FRANCISCO 


See Yellow pages for your local sales representative ‘ 
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AXIAL PISTON PUMPS 


for circuits to 3000 and 
5000 psi. Up to 

35 gpm. Fixed or 
variable stroke. Write 


for Bulletins P-4, P-4-10. 


Hydraulic power 
up to 5000 psi by 


DENISON 


CONTROL VALVES 


Pressure Controls, pilot-operated, (Relief, Sequence, 
Unloading and Pressure-Reducing Valves), 34", 1 V4" and 
115^, 5000 psi. Bulletin VR-2C 
Relief Valves, pilot-operated, 4", 34”, 1! 
2000 psi. Bulletins No. 152, VR-3 
Directional Controls, Ye", 34 and 11^ 


{апа 11^", 


"^, 3000 and 5000 psi. 


4-way, manual, mechanical, electric or pilot-controlled, 
34 , 3000 psi. Bulletin VD-2-A. 34" and 115", 5000 
psi. Bulletins VD-1-A, VD-1-2, VD-4, VD-4-1. 
4-way, J4” and 34”, 3000 psi. 
lg” solenoid -controlled. 
Bulletin VD-8. 
44,” pilot-operated 
and solenoid -controlled. 
Bulletin VD-7. 


Surge Damping Valves, ! E 
4, WA", апа 1” 
5000 psi. Bulletin V $- 1-A. 

Multi- Range Flow Controls, 
14”, 3g” and 34”, 3000 psi. 
Bulletins No. 143-A, 
VFC-1-A, VFC-2-A. 

Direct-operating Controls, 
(Sequence, Unloading 
and Counterbalance 
valves), 15", 34", 114” 
and 114”, 2000 psi. 
Bulletins VRD-2 
through VRD-8. 

Check Valves, pilot-operated, 

5 114” and 

114”, 3000 psi. 

Bulletins VPC-1, VPC-2. 


1 E" уд" 


atii ORE ENS dS 
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AXIAL PISTON MOTORS 


for circuits to 2500 
and 5000 psi. Up to 
180 hp, 5665 inch- 


pounds. Write for 


Bulletins FM-2, FM-3A. 


мы? 


VARIABLE VOLUME VANE PUMP 


delivers variable 
volume at constant 
speed, constant 
volume at variable 
speed—hand-dial 
control—pressure 
compensated for 
circuits up to 1000 
psi continuous. 

3 Standard Sizes 
up to 5 gpm, 

15 gpm, 25 gpm 
at 1200 rpm. 


Write for Bulletin P-7 


WRITE FOR BULLETINS 
LISTED ON THIS PAGE 


to get detailed information 
on any of the components. 
For a summary of informa- 
tion on all Denison pumps, 
pumping units, motors, 
pump/motors and controls, 
ask for Bulletin 146B. Write to 
THE 


DENISON ENGINEERING COMPANY 
1224 Dublin Road • Columbus 16, Ohio 


DENISON 


HYDRAULIC PRESSES 
PUMPS + MOTORS + CONTROLS 


E 





Call for Lindberg Red Cap! 


A COMPLETE LINE OF AIR 
& HYDRAULIC CYLINDERS 


fá Here is what to expect in a Lindberg RED CAP: 

A rugged, dependable, long service cylinder that 
will do the job month in and month out. RED CAP 
identifies the famous line of Lindberg air and hy- 
draulic cylinders, now made by Teer-Wickwire. These 
fine products are backed by expert engineering, made 
in a new plant equipped with latest type production 
machines, staffed by men schooled in precision work. 
New developments are in the works to extend the 
scope of our service to you. Expect big news from the 
Lindberg Air and Hydraulic Division of Teer -Wickwire! 


AIR CYLINDERS HYDRAULIC CYLINDERS AIR CYLINDERS 


(low pressure) (medium pressure) (heavy-duty, mill-type) 


For 150 p.s.i. maximum pressure. Bores For 1500 p.s.i. maximum pressure. Ten For 250 p.s.i. maximum pressure. Thir- 
2" through 12" diameter. Heat treated standard bore sizes, 2" through 8". teen bore sizes from 3" through 24", 
aluminum pistons, cast iron cylinder caps Seven mounting styles. Standard rods Six mountings. Constructed of heavy 
and steel flanges. Retaining rings hold or 2:1 differential rods available. Any hot rolled steel plate, welded. Strong- 
flanges to cylinder. Piston and rod length of stroke can be provided. est possible power unit. 

packing, block "V" type. 


SQUARE HEAD 
TYPE 
CYLINDERS 


HYDRAULIC CYLINDERS 
(heavy-duty) 


For 3000 p.s.i. maximum pressure. Ten 

standard bore sizes from 2” through Now in the final stages of production Compact, cleanly designed, space saving, 
8" diameter. Seven mounting styles. 
Standard rods or 2:1 differential rods 
available. Cast iron one-piece pistons; 
steel plate end flanges arc-welded to 
tube. 


testing—new square head cylinders that dependable. Will be available soon in a 


will set mew standards of usefulness. complete range’ of sizes and mountings. 


Write for FREE Engineering Booklets 
LINDBERG AIR AND HYDRAULIC DIVISION 


TEER-WICKWIRE & CO. 
JACKSON, MICHIGAN 
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‘SPHERICAL 


Li , 


BALANCED 


жа 


GREASE 


SMOOTH 


precision engineered for your service 


AK Ball-Bearing Swivel Joints are precision engi- 
neered like a fine watch to give unlimited flexibility and 
unlimited service in the conduct of fluids, gases and liquids. 


UE is the originator and largest exclusive manu- 
facturer of ball-bearing swivel joints in the world today. 


HUN produces packing designs for specific service 
requirements, assuring constant torque at any given pressure. 


UII has acquired a world-wide recognition for 
highest quality of product and lowest maintenance costs. 


ЖУУ has over a quarter of a century of “know-how” 
in the design, manufacture and successful scientific 
application of ball-bearing swivel joints in industry. 


ОИК offers the widest range of styles, sizes and 
pressures available for every major industrial use today. 


QUEEN has complete nation-wide coverage of its prod- 
ucts and applications by qualified field service engineers. 


DUE will custom engineer for you the solution to any 
problems involving the transport of fluids, gases and liquids. 


SUPPLY AND SERVICE OF CHIKSAN BALL-BEARING SWIVEL JOINTS IS ALWAYS AS NEAR AS YOUR TELEPHONE 


Tbe Flow of не Uf SAM: Joints 


Write 

CHIKSAN 

for latest 
INDUSTRIAL 
CATALOG—G-4 
Dept. 1710 


CHIKSAN COMPANY © BREA, CALIFORNIA e Chicago 3, Illinois @ Newark 2, New Jersey 
Well Equipment Mfg. Corp. (Division), Houston 1, Texas « Subsidiaries: Chiksan Export Co.. Brea, Calif.; Newark 2, N. J. * Chiksan of Canada Ltd.. Edmonton. Alta. 
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FLUID POWER 
BULLETINS 


Here is the most advanced line of fluid 
power cylinders and controls in the 
industry. Simplicity of design is the key 
to all the benefits you get with Carter 
units. Cartridge type construction makes 
for fast, simple replacement of parts. This 
means less down-time, less cost to you. 
These units are rugged yet compact, 
thanks to key-type construction — no tie 
rods, no bolts. All mounting styles avail- 
able. Integral steel head and mount, 
completely interchangeable size for size, 
permits production economies, faster 
deliveries. Check into Carter today! 


THESE CARTER ADVANTAGES 


MEAN BENEFITS TO YOU 


Full 1 to 1 Meehanite rod 
bearings...easily replaced. 


tubing...6 tol safety factor. 


Piston ring or cup packing 
Key-type stainless steel construction. 
locking ring permits 360 
rotation of pipe ports .. 
removal of heads in a 


matter of seconds. 


Perfect alignment . . . low 
coefficient of friction . . . 
high efficiency. 


© leakproof “O” ring seol, Metal rod scraper, milled 


between head and cylinder 
wall. 


integral cast steel head 
and mount. 


Spring loaded “V” packing 
on rod and gland. 


Precision honed heavy wall 


wrench flats, heavy duty, 
high tensile chrome plated 
piston rod. . . standard in 
oll sizes. 


No increase in length for 
full cushioned cylinders. 


Spot-faced mounting holes 
for socket head cap screws. 


Carter Controls, inc. 


2800 Bernice Road . 


Lansing, Illinois 


GRanite 4-3305 
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AIR CYLINDERS 


Standard sizes 144” thru 8"; stroke 
lengths to 18 feet; all standard 
mounting styles. Complete di- 
mensions, specifications and parts 
data. All essential designing and 
ordering information. Bulletin 
100A. 


1500 LB. HYDRAULIC 
Carter’s heavy duty hydraulic 
unit for pressures to 1500 psi. 
Bulletin gives full details on all 
standard sizes, 1% thru 8”. 
Strokes to 18 feet. Complete parts, 
dimensions and specification 
data. Bulletin 1500. 


CARTRIDGE 
AIR VALVES 


The new Carter cartridge air 
valve is compact, simple, and has 
many different applications. For 
operation with solenoids, lever 

ppets or palm poppets. Send 
or new Bulletin V-150. 


750 LB. HYDRAULIC 


Complete range of standard sizes 
144” thru 8"; strokes to 18 ft.; all 
standard mounts. Complete de- 
tails on parts, dimensions, an 

specifications. A light, compact 
cylinder for most design and 
plant applications. Bulletin 750. 


| CANT 


CONTROLS INC 


POWER PACK 
AIR CYLINDERS 


The new Carter Power-Pack cyl- 
inder with built-in valve! Auto- 
mates any operation. For sole- 
noid, air-limit or remote air pop- 
pet control. Complete details in 
new Bulletin 125. 


CLAMP-TYPE 
CYLINDERS 


The first all-steel, first line quality 
clamp cylinder to be offered at a 
competitive price. Incorporates 
all the rugged dependability of 
the standard Carter line. Bulletin 
CT-1000. 
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НОРАК 7 


for the Efficient Application and Precision Control of 


HYDRAULIC LILES 


NOPAK Non-Rotating CYLINDERS NOPAK Operating VALVES 


are available in various classes of construction, 6 — Hand, Foot, Solenoid and Reciprocating Types. 
standard mountings, cushioned and non-cushion- The NOPAK Valves illustrated are only a part of the 


ed. See Catalogs 101, 103, 104 and Bulletin SW-3 complete NOPAK line. '4" to 2" pipe sizes carried 
in stock. See Catalog 102 or Bulletin SW-3 i 


CLASS 1 — Brass Tubing 3- AND 4-WAY HAND 
with Tie-Rods—for air, oil VALVES actuate single or 
or water to 16” diameter in double-acting cylinders at air 
any stroke length. (Smaller or hydraulic line pressures 
sizes to 8" dia. with 15" stroke to 250 psi. Precision lapped 
AVAILABLE FROM SHELF seal eliminates packing, ex- 
STOCK—for 250 psi.) Water tends valve life. Disc rotating 
applications require chrome at right angle to stream flow 
plated components.6 standard permits throttling or immedi- 
mountings. See Catalog 101. ote opening to full pipe area, 


CLASS 2 — Identical to Class FOOT VALVES — Available 
1 except the tubing (cylinder in 3 cycles for various con- 
wall) is recessed into the trol needs. All incorporate 
cylinder heads, and the joint basic NOPAK Features: — 
sealed by fibre gaskets. Rotary Cored Disc design, 
Class 2 is recommended for packless-construction and pre- 
air, oil or water pressures cision lapped sealing sur- 
from 150 to 450 psi. See Cat- faces which improve with use, 
alog 101. 


CLASS M — Mill or Mine MODEL “V” VALVES — Pilot 
Type — Rugged steel tubing or Solenoid Operated—Type 
with welded flanges mini- AR (automatic return), illus- 
mizes possible exterior dam- trated, is operated by pilot 
age. For all heavy-duty ap- pressure, by means of pilot 
plications at line pressures poppets or solenoid. Type R 
up to 650 psi. for diameters (reciprocating) is reversed by 
of 4” or less; 450 psi. for pilot action. See Catalog 102, 
diameters of 4'5" or more. or Bulletin SW-3. 

6 mountings. See Catalog 101. 


CLASS 3 — Square Head RECIPROTROL VALVE — Per- 
with Tie-Rods — Compact mits continuous automatic re- 
construction with square ciprocation of cylinder. Pre- 
heads of steel plate—honed setting determines stroke 
steel or brass tubing optional. speed and length, location 
For air and hydraulic line of fractional stroke within full 
pressures up to 1000 psi. To stroke length. 

be described in Catalog 103. 


CLASS 4 — High Pressure BALANCED HIGH PRESSURE 
Hydraulic — Heavy, honed VALVES — for precision con- 
steel tubing with lock-ring trol of high pressure hydrau- 
flange. For oil or water ser- lic cylinders. Because inside 
vice at line pressures to pressure is equalized, valve 
2000 psi. Available in 5 never becomes locked in one 
standard mountings. De- position. Open and closed 
scribed in Catalog 104. center types for oil hydraulic 
pressures to 2000 psi. 


GALLAND-HENNING NOPAK DIVISION 
2753 S. 31st St. Milwaukee 46, Wis. 
Phone Mitchell 5-6000 


р аб зой oe 
E AMI ы т Representatives in Principal Cities 
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21.46 FULLY EXTENDED 4” TRAVEL 


17.46 


MODEL 124-140 LINEAR SERVO ACTUATOR 


10.50 FULLY EXTENDED 1'2" TRAVEL 


9.00 


SPECIFICATIONS 


MODEL 123-1208 LINEAR SERVO ACTUATOR 
FOOT, FLANGE OR TRUNNION MOUNTINGS TO SUIT MODEL 124-140 


Operating Pressure 200 to 3000 psi 


PEGASUS Linear ON en 


valve pressure drop) .. 20 in./sec. 


Servo Actuators ion нравы. 007 па 


Natural Frequency 
(closed loop) 


For linear control applications, Pegasus offers industry 
a series of servo actuators of various capacities. 

Ram actuators Model 123, Model 124, and Model 125 
provide areas of approximately 1, 2, and 5 square inches, 
and strokes of 1.5, 4.0 and 4.0 inches respectively. Ram 
actuators of other areas and strokes are available on 
special order. 

A differential transformer position pickup is mounted MODEL 123-120-B 
concentrically within the hollow ram shaft of each i 
actuator, and manifold mounting is provided to fit any Sparelag Spurse 000 000 фи 
of the standard Pegasus servo valves. Stroke ... + .750 inches 

The servo valves Model 120-B (%” spo_]), Model 140 
(%” spool), and Model 140-A-120-B (two-stage) pro- Velocity (1000 psi 
vide flow capacities of approximately 5, 10, and 20 valve pressure drop) .. 20 in./sec. 
G.P.M. at a valve pressure drop of 1000 P.S.I. Spool Position Repeatability. .0007 inches 
drive for these valves is through a hydraulic flapper 
boost from a force motor. 


Let us quote on your Linear Control problems. 


Natural Frequency 
(closed loop) 


Model 117-C Model 122-120-8 Model 140-120 Model 109-F Model 123-120-8 Model 108-D 
Transmitter Amplifier Rotary Actvotor Two Stage Valve Force Motor Linear Actuator Servo Amplifier 
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Bronze and stainless steel Moyno as used 
General-purpose Moyno for pumping oils, in a drink dispenser. Pumps water at 
water, alcohols and caustics. more than 100 p.s.i.g. 


| 

| 

| 

| 
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| 
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Moyno designed for pumping ethylene 
glycol, condensate from automatic driers, 
hot and cold water in dishwashers. 


Here's a compact version of a low-head, Versions of this compact Moyno are ap- Economical Moyno for the appliance 
small-displacement Moyno for accurate plicable as coolant pumps, shallow-well field, designed for use under flooded 
pumping of small amounts. pumps and booster pumps. 


E/7777 МОМО PUMP Mec Many 
Extremes ih Product: Design Requirements 


The Moyno Pump does not crush, 

churn or foam the product. Handles — QUT 
an amazingly wide variety of prod- 

ucts that are not pumpable with 

other types of pumps. 


Pumps potato salad, chow mein, fruit, 
whole-kernel or cream-style corn... 
acids, alkalis, volatile solvents... 
pastes, abrasive slurries, paints, tar... 
cement, plaster, or vermiculite mix, 
Adaptable to heavy industrial machin- 
ery, also to drink dispensers, sprayers, 
coolant pumps, washing machines, etc. 
Moynos pull up to 29" of vacuum while 
discharging under pressure. Big Moynos 
can deliver up to 500 gpm. Pressures 
up to 600-plus psi obtainable. May be 
used for metering. Positive displace- 
ment; non-pulsating flow, in either 
direction. Won't cavitate or vapor-lock. How The Moyno Works: As rotor (1) turns, cavities (2) move to- 
Just one moving part—no valves or ward end of stator (3) carrying the material being pumped. Material 
pistons. is not crushed or churned. Shaft seal (4), precision ball bearings (5), 


and drive shaft (6). The Moyno can be designed to meet your specific 


, ‹ i -AÀ г , E 
Extremely long lasting—in many problem, as was this small Moyno for the Bendix Economat Washer. 


cases the Moyno outlasts other pumps 
by 4 to 1. Rotors or stators easily re- 


placed, but seldom need to be, except BINO M 
in extremely unusual service. E ? INC. 


Get Details On The Moyno S SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 


New Bulletin No. 50 has performance curves [TA 

and details on small Moynos; Bulletin 30 a pr 
has details on big Moynos. Or write, de- f l ree eS 
scribing your proposed application, and — С — 


our engineers will be glad to work with you, fi Fractional and Household Hoists and Large and Small Propellair Industrial 
in confidence, of course, s Integral HP motors Fans Cranes Moyno Pumps Ventilating Equipment 


from 1/200 to 200 HP 





| NOW—for the designer — 
the complete line 
for good connections 


NEW STAINLESS STEEL REX-WELD 


Corrugated type hose with or without metal braid 


© Now, the pioneers of stainless steel 

hose offer this metal in the widely used 

ao, REX-WELD industrial line. Sizes are 

FLEXON METAL HOSE : from 4” I.D. up; burst pressures up 
to 16,500 psi. Specify stainless steel 
REX-WELD for connections where 
corrosion is a problem or where the 


subject to motion, vibration, инини» cost of downtime makes less frequent 
hose replacement imperative. 


for all connections 


misalignment or expansion 


and contraction 


Hydraulic and Pneumatic Lines STEEL AND BRONZE REX-WELD 


Platen Press Connections Corrugated type hose with or without metal braid 


Lubricating Lines 
è Steel and bronze REX-WELD are 


Reciprocating Connections y : 
Р 9 the standard of industry for high pres- 


Steam Lines 
Oil Burner Connections 


Chemical Lines 


Compressor Connections 


sure, high temperature flexible connec- 
tions. Highly adaptable to a wide va- 
riety of applications. Ideally suited for 
searching liquids or gases. Sizes range 
from 3%” through 24” I.D. Burst pres- 
sures to 18,000 psi. Broad selection of 


алам е standard fittings. 


Wiring Conduit 
Cable Armor 


STEEL AND BRONZE REX-TUBE 


Heating and Ventilating Ducting 
interlocked and square locked type hose 


Flexible Spouts 
Capillary Casing ; t ү Н 
: e REX-TUBE is available in a variety 
Coolant Lines | e of forms for a broad range of services 
such as conduit, armor, ducting and 
for handling non-searching fluids at low 
Weigh Tank Connections to moderate pressure. Sizes range from 
Bs 3%" through 12” I.D., dependent on 
And scores of other applications where m pm type. Complete selection of couplings 


flexibility must be combined with the а al and fittings. Special purpose assemblies 
and other metals are also available. 


Suction Lines 


p 
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durability of metal. 


ASK FOR THE FLEXON 
METAL HOSE DESIGN GUIDE 


zi ex n: £ CHICAGO METAL HOSE DIVISION 
operation 1351 $. THIRD AVENUE - MAYWOOD, ILLINOIS 
FORMERLY CHICAGO METAL HOSE CORPORATION 


Flexon identifies In Canada: Flexonics Corporation of Canada, Ltd., Brampton, Ontario 


products of Flexonics Flexible meta! hose Expansion joints : 
Corporation thoat 8 Metallic 


have served industry p—— bellows 


for over 53 years. 
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SANITARY FITTINGS, 
PUMPS, VALVES 


When your design requirements involve stand- 
ard or special sanitary fittings, pumps or valves 
for processing or filling machinery, tanks or 
other equipment, the Tri-Clover line is worth 


your investigation. 

Available in a complete line of types and 
sizes, from 1 in. through 4 in., Tri-Clover Sani- 
tary Fittings represent the very highest quality. 
Precision fabrication methods and workman- 
ship responsible for this quality are both costly 
and time-consuming . . . but the excellent, 


long-term service obtained in actual installa- 


tions prove beyond doubt these methods are 
well worth while. 

Write for literature and details. For specific 
recommendations, outline your requirements 


fully. 


LADISH CO. 


Tni-Clauer Division 


Kenosha Wisconsin 


TRI-CLOVER 





when 


better performance 


is a must, 


specify... 


HYDRAULIC PUMPS 


Single, dual and Cartridget type, 
engine or electric motor driven for 
industrial and aircraft uses. Capaci- 
ties from .7 to 60 gpm per element. 
Pressures to 4000 psi. "Pressure 
Loaded"* for higher efficiency and 


longer service life. 1 Trademark 


FUEL PUMPS 


Vane type for aircraft reciprocating 
engines. High-pressure gear type 
for jet engines, designed to supply 
main, after-burner and emergency 
fuel needs. Gear type for com- 
mercial gas turbine engines. 


FUEL BOOSTER PUMPS 


Centrifugal type. Tank mounted— 
submerged or external; line- 
mounted ; or plug-in. Flow to 40,000 
pph, pressures to 40 psi. 


STEERING PUMPS 


For heavy-duty power steering of 
trucks, buses and off-highway units. 
Built-in flow control and relief valve. 


* PESCO'S patented principle of gear pump construction. 
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@ You are assured of better performance plus econ- 


omy when you design your products with hydraulic 
and electrical components from Pesco. On aircraft 
and industrial equipment, Pesco products provide 
continuous, uninterrupted operation despite severe 
conditions of shock, temperature, pressure, humid- 
ity and duty cycle. 

Standard product lines assure low first cost. 
Simplified and proven designs mean longer service 
life with a low lifetime cost. As a final guarantee of 
dependability, every Pesco product is performance- 
checked before shipment. 

You are invited to bring your design problem to 
Pesco . . . or write for detailed product information. 


HYDRAULIC MOTORS 


Compact, gear-type, positive dis- 
placement motors for pressures to 
1500 psi. Built for either rotation 
without mechanical adjustment. 
Starting torque efficiency over 90%. 


POWER PACKAGES 


Optional components include: single 
or dual pump, control valves, relief 
valve, check-hold valve, reservoir. 
“Engine or electric motor driven. 
Flow to 10-gpm, pressures to 1200 psi. 


— 


ELECTRIC MOTORS 


Custom design with standardized 
parts for special applications. Maxi- 
mum power with minimum size and 
weight. D-c and 400 cycle a-c types, 
1/100 to 11 hp. 


AXIAL FLOW BLOWERS 


Advanced design, self-contained 
blowers with unmatched efficien- 
cies. Space-saving "package" size. 
Single and multi-stage units for 27 
v. d-c, 60 and 400 cycle a-c with 
capacities from 16 to 750 cfm and 
over (larger sizes in development ), 


Product Design Handbook Issue 





PD) Seet Guard METALLIC 


_| ROD WIPERS 

— 

E к 7 Seal-Guard Rod Wipers effectively protect cylindrical 
surfaces from foreign matter. Two flexible bronze rings 
with knife-edged conical surfaces, mounted in synthetic 
rubber, lift all harmful substances completely off the rod. 


MONOPAK CARTRIDGE 


The Monopak Cartridge is the original, replaceable, com- 
pact unit that combines all the necessary packings, bear- 
ings and rod wipers for air or hydraulic cylinders. It 
requires no special skill to install or replace, needs no 
adjustment, reduces initial machining expense and can- 
not be tampered with in any way. 


MONOPAK ROD PACKING 


The Monopak Rod Packing was specially developed to 


incorporate all the advantages of the Monopak Cartridge 
into a rod packing. These packings are made in all sizes 
or combination of sizes for any hydraulic or pnev- 
matic cylinder. 


MONOPAK PISTON PACKING 


— — Available for one piece or two piece pistons. The pack- 
ing has all the long wearing, trouble-free characteristics 
of the automotive type piston ring plus the added ad- 
vantage of leak-free operation. 


FOR COMPLETE INFORMATION 
AND SPECIFICATIONS WRITE 
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` Custom Packings for Industry 


These are not ordinary packings . . . typical compounds and sizes. They 
represent a few of the highly specialized, custom designed products of IPC. 


Tailored for specific industrial problems, IPC packings are used in thousands 
of pneumatic and hydraulic applications. Every field problem is analyzed 
by IPC engineers, and every packing is compounded for a definite purpose. 
Whether you require one or a million units, each one will be made exactly to 
specifications and all will be identical in manufacture. 


It costs no more to have this attention to detail . . . Why not discuss your 
problem with your IPC representative? 


INTERNATIONAL 
PACKINGS 
CORPORATION 


Bristol, New Hampshire 


BONDED BY IPC 


1 Bonded Washer Seal 
Double Lip Wiper 


2. Bonded Case Seal 
Double Lip Wiper 


3 Bonded Washer Seal 
Straight Lip 


4. Bonded Washer Sea! 
Limited Contact Lip 


$. Bonded Washer Seal 


Straight Lip 
With Garter Spring 


У 


6. Bonded Washer Seal 
Limited Contact Lip 
With Garter Spring 


м м 


7 Bonded Case Seal 
Straight Lip 


8. Bonded Case Seal 
Limited Contact Lip 
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9. Bonded Case Seal 
Straight Lip 
With Garter Spring 


10. Bonded Case Seal 
Limited Contact Lip 
With Garter Spring 


11. Bonded Case Seal 
Straight Lip 
Thin Rind Type 


12. Bonded Case Seal 
Limited Contact Lip 
Thin Rind Type 


13 Rubber Covered 
Bonded Case Seal 
Straight Lip 


14. Rubber Covered 
Bonded Case Seal 
Limited Contact Lip 


15. Rubber Covered Bonded 
Case Seal Straight Lip 
With Garter Spring 


16. Rubber Covered Bonded 
Case Seal Limited Contact Lip 
With Garter Spring 
















new seal cuts microfinishing costs way down 
muU eliminates close" tolerance, requirements _ | 
' on metal components N 


sealing grooves for O-rings need ^2 
a costly 10-20 microfinish«" — 


QUAD-RING users enthusiastically report 
sizeable savings as a result. You can get these big 


savings too. Free samples available for your 


22-5 sN ‘LVD-HOLVEV NOE 


inspection. Write Minnesota Rubber today. 


*Registered U. S. Patent Off., Patent Pending 





why new design seals better 


QUAD-RINGS eliminate *'spiral twist," a common cause for packing 
failure. Completely interchangeable with O-rings. No conversion costs. 
QUAD-RINGS seal effectively at all pressures up to 15,000 PSI— 
they will even seal at such low pressures as 0 to 5 PSI, and will 

also give a positive seal under a high vacuum. 4-lip action reduces 
breakaway and drag friction, giving longer life—seals perfectly 

even with a rougher groove finish. 


why minnesota rubber seals last longer 


QUAD-RINGS are injection molded by exclusive Minnesota Rubber 
process. Result is increased resistance to abrasions and chemical 
actions due to unequalled high density. Evidence of greater density 
is shown here in cross sections of Standard Buna N compound, 
.027" x .019", magnified 240 diameters by University of Minnesota. 


M.R. Injection Molded 


free samples and data 


Free samples of QUAD-RINGS are available in all sizes together 

with a descriptive brochure with technical information and installation 
data. QUAD-RINGS are the result of intensive research and 

field testing. Made to closest possible dimensional tolerances. We urge 
you to inquire about this revolutionary new seal today. 


Logan Air and Hydraulic 
. In' Your Plant 


FOR TOP EFFICIENCY . 
Equipment On Your Product '. 


LOGANSQUARE CYLINDERS 


FOR AIR OR OIL 


ILLUSTRATED — 
CUTAWAY OF CYLINDER 
WITH FOOT MOUNTING 


NOTE—Compact, Rugged 
Construction... 
| 
ILLUSTRATED — 
BASIC MODEL 


Designed for easy mounting 


LOGANSQUARE 
CYLINDERS 


STANDARD BORE SIZES:— 
115” to 8" 


MAXIMUM STROKES:— 


Up to 5 feet 150 psi Air 
80 psi Air 


Up to 8 feet 
Up to 3 feet 500 psi Oil 
(nonshock) 
Up to 5 feet 
(nonshock) 


250 psi Oil 


MEMBER— 
National Machine Too! 
Builders Assn. Nationa! 

Fluid Power Assn. 


AIR CONTROL VALVES, Cat. 10 
AIR ad HYDRAULIC PRESSES, Cat. 51 


CYLINDERS, Cat. 100-3 « 
AIR AND HYDRAULIC EQUIPMENT 


HYDRAULIC CONTROL VALVES, Cat. 200-4 
POWER UNITS, Cat, 200-1 * 


MOUNTINGS:— 


Full range of mountings and mounting combi- 

nations to meet practically any requirement. 

Tie Rod—Blind End, Rod End, Both Ends 

Foot 

Trunnion—Blind End, Rod End 

Centerline 

Flange-—Blind End, Rod End 

Pivot—Bolted Clevis, Welded Clevis 

Rod—Single or Double End 
Rod end has male threaded extension. 
Other size male threads and female tapped 
ends available to customer's specifications. 


[Me kp Л Catal, 100-2 


LOGAN MANUFACTURES 7023 STANDARD CATALOGED ITEMS 


FREE CATALOG ON REQUEST 


-4 © AIR CHUCKS, Cat. Q1» Am OS OR S l.] © AIR алока 
~ COLLET GRIP TUBE FITTINGS, Ca 


. HYDRAULIC ‘CYL INDERS, Cats. 200-2; 200-3 * HYDRAULIC 


SURE-FLOW COOLANT PUMPS, Cat. 62 


LOGANSPORT MACHINE CO., INC., 812 CENTER AVE., LOGANSPORT, IND. 
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Get Complete Fluid Line Information 


UIP 


1509 


AEROQUIP SINGLE WIRE 
BRAID 1503 HOSE for me- 
dium pressure hydraulic, 
water, hot oil, crude and 
fuel oil, anti-freeze, gaso- 
line, diesel fuel and air 
lines. In sizes from 4” to 
3"; pressures up to 1500 
p.si; temperature range 
—40°F. to +300°F. 


AEROQUIP DOUBLE WIRE 
BRAID 1508 HOSE for high 
pressure hydraulic, grease, 
crude and fuel oil, gaso- 
line and air lines. In sizes 
from 4” to 2”; pressures 
up to 4500 p.s.i., depend- 
ing on size; temperature 


range —40°F. to +200°F. 


AEROQUIP'S NEW 1546 HIGH 
PRESSURE HOSE for fire- 
resistant hydraulic fluids of 
the Pydraul F-9 and Cellu- 
lube type. Ideal for indus- 
trial "hot spots". In sizes 
from 'A" to 2"; pressures 
up to 4500 p.s.i., depend- 
ing on size. 


AEROQUIP 1524 BURST- 
PROOF STEAM HOSE with 
“little gem™ ñt- 
tings for steam cleaning 
units, dry cleaning and 
pressing equipment, 
foundry equipment, plastic 
molding presses, rubber 
curing and vulcanizing 
equipment. Sizes 2" to 1”; 
for pressures up to 200 
p.i (388^F) With or 
without oil resistant cover. 


from AEROQUIP CATALOGS 


Now you can get the most complete hose line information 
available in these four informative, compact Aeroquip Cata- 
logs . . . covering aircraft, industrial, marine and farrn products. 
Each catalog offers invaluable aid in specifying, ordering and 
installing the proper Aeroquip hose lines, fittings, elbows, 
adapters and self-sealing couplings. Your request brings the 
catalog you need, at no cost. Write for it! 


Free Hoselector! this compact new Aeroquip “Hoselector” gives 
quick data on the most popular 
Aeroquip hose and fittings. Given 
are fluid applications, temperature 
and pressure ranges, bend radii 
and fitting types. Helpful to all 
design engineers . . . it’s yours for 
* | the asking, just write. 


AEROQUIP 1525 HOSE and 
SOCKETLESS fittings 
for low pressure oil, fuel 
and air lines on all appli- 
cations. In sizes from М” 
to 534"; for pressures up to 
250 p.i; temperature 
range —40°F to 212°F. 
SOCKETLESS fittings 
in male pipe, SAE, JIC. 
threads. (Patent applied 
for.) 


AEROQUIP WIRE BRAID 1533 
BUTANE-PROPANE HOSE 
for LPG engine plumbing 
or fixed installations where 
vibration is a problem. 
Listed by Underwriters’ 
Laboratories. In sizes from 
14” to 2"; for pressures up 
to 1500 p.s.i., depending 
on size. 


AEROQUIP FREON HOSE for 
use on automotive and 
commercial air condition- 
ing units and refrigeration 
equipment using Freon 12. 
In sizes from 4” to 2”; for 
pressures up to 300 p.s.i.; 
temperature range — 20°F. 


to +170° F 


AEROQUIP SELF-SEALING COUPLINGS 
allow quick separation and reconnection 
of fluid lines without loss of fluid or in- 
clusion of air into the system. Replaces 
two shut-off valves. In sizes from %4” to 
lA"; for pressures up to 2000 p.si.; 
temperature range —40°F. to +250°F, 


ее дет? 1з ап Aeroquip trade mark Engineering assistance available to manufacturers. 
REG TRADEMARK le | О Ч U i р 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 


LOCAL REPRESENTATIVES IN PRINCIPAL CITIES IN U.S.A. AND ABROAD « AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 
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LUBRIKUP бене ЈАСК СОРЅ 


FOR HYDRAULIC AND AIR SERVICE 


INCREASED 
HEEL THICKNESS 


PROVIDES 


GREATER 
STRENGTH 


SQUARE CORNERS 
& FLAT BOTTOM 


GIVE 
PERFECT FIT 


Test after test in hydraulic and air service equipment has proven the 
superiority of LubriKup's square corner, flat bottom design. Leakage and 
loss of efficiency experienced with conventional round bottom Jack Cups 
have been completely eliminated by this new, improved type. 


Added strength on the heel prevents expansion at that 


cups. There no longer is any sign of dragging or binding 
point and tapered sidewalls give a seal on the lip of the 


at the heel, so common with conventional type units. 


THE LATEST DEVELOPMENT IN CUP-TYPE PISTONS 
ESPECIALLY SUITED FOR HEAVY DUTY SERVICE 


LubriKup JerkerKups are moulded to size from 
a special compound containing high oil and abra- 
sion resistance. They will not stick or vulcanize 
to the liner regardless of how long the pump 
is shut down! 

A 45° bevel on the bottom of the cups and spacing 
ring gives extra support at the heel. A pressure seal 
on the lip of the cups prevents slippage from the 
very first stroke, reducing liner wear to a minimum. 
Cups can be changed easily and quickly, right on 
the job—only the cups need be replaced to have 
a completely new piston assembly. 


NEW IMPROVED TYPE H 
WITH 45° ANGLE 
(Regular Type JerkerKups 
have a round heel or radius 

on the bottom ) 


Standard equipment on many 
packed piston pumps...proven 
superior in a wide range of services! 


LUBRIKUP 
FLUID SEAL ROD PACKING 


gives a perfect, non-binding fluid seal! 


LUBRIKUP 
NON-ADJUSTABLE PACKING 


a combination "fixed bearing" and seal! 


Fluid Seal Rod Packing 
incorporates the proven 
theory of lip-type action 
(sealing from pressure), 
with space provided between 
each ring, thus assuring a 
perfect, non-binding seal for 
rod lubrication. This perfect 
fluid seal prevents slippage, 
reduces rod wear to a mini- 
mum and provides new, 
longer rod and packing life! 


— SINCE 1921 — 


Exclusively Manufacturing Composition Cups and Cup-Type Packings 


LUBRIKUP COMPANY, INC. 


WILLIAMSPORT, PENNA. 


Non-Adjustable Packing 

consists of cup-type com- 

position rings with a 45° 

angle sealing lip separated 

by metal spacers. This design 

reduces the point of cup con- 

tact with the plunger by at 

least 33%. This packing 

cannot be tightened “too 

tight”, thus preventing the 

usual excessive friction which 

causes packing to burn. 

Write for your free 
copy of CATALOG 21 
showing the complete 
LUBRIKUP line... with 
application, size and 
price data. 


De Pa Fe PeT 
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furnishes a 


COMPLETE PACKAGE 
of Air and Hydraulic power 


Hydraulic Cylinders — 108 models 


Available for 300 P.S.I. and 1500 P.S.I.in standard models. 
3000 P.S.L. and higher furnished on application. Offered in 
seven mounting styles, ten bore diameters, any length of stroke 
up to 96", standard size piston rod and 2:1 over-size rod, single 
and double end rods, cushioned rod end, blind end, or both. 
Special covers supplied. Write for Catalog 105. 


Hydraulic Valves = 190 models 


Designed for 1500 P.S.I. maximum pressure, and offered for 
3000 P.S.I. in most models. Four types of action: standard 
spring-return, spring-centered and ball-detent. Five piston de 
signs for any circuit. Six types of operation: hand, foot, cam, 
solenoid, oil pressure, and air pressure. Seven sizes: 4”, 2%”, +” 
4”, 1", 14", and 14". Write for Catalog 203. 


© 


Hydraulic Power Units -17 models 


Single pump power units are offered in six tank sizes. Pump 
capacities range from .4 G. P. M. to 40 G.P.M. at 1000 P. S. I. 
Double pump power units are offered in four tank sizes with 
combined pump capacities ranging from 3.5 G.P.M. to 48 G.P.M. 
at 1000 P. S.I. 1200 P.S.I. continuous or 1500 P.S. I. intermittent 
pressures are available in certain models. Write for Catalog 400. 


Air Cylinders -84 models 


Available for 150 P.S.I. air and 300 P.S.I. oil services. Standard 
models offered in seven mounting styles, nine bore diameters, 
in any length stroke up to 96”, single or double end rod with 
internal or external thread, cushioned rod end, blind end, or 
both. Special covers supplied. Write for Catalog 55. 


Air Valves — 34 models 


Designed for control of air pressures up to 150 P. S.I. Offered 
in both 3-way and 4-way types. Available in five types of op- 
eration: hand, foot, cam, solenoid, and pilot operations; in five 
sizes: 4", 3$", 14". 34" and 1”. Pilot air valves in side and foot 
mountings—and in palm, push button, cam, foot, and sole- 


noid operation. Write for catalog 303. 


Dept. PEIO RIVETT LATHE & GRINDER, Inc. Brighton 35, Boston, Massachusetts 


WHEN YOU APPLY HYDRAULIC 


OR AIR POWER plam wey 
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Rodgers ш Hydraulic Equipment 


The Best in DESIGN... 
PERFORMANCE... 
ECONOMY 


4-Cylinder Hi-Pressure Power Pump. 
Piston type, manually controlled, de- 
livers 544 GPM at 0 pressure, pressures 
to 10,000 PSI. 


Hi-Pressure Single Acting Cylinders. Ton- 
onp capacities from 50 to 400 tons, 
cylinder diameters from 4 to 12 inches 
with 13 inches of ram travel. Selection 
of mountings, front, rear or plain. Op- 
erating pressures from 7,500 to 10,000 
PSI depending upon cylinder diameter. 


Rodgers Quick Couplers. Two sizes—for 
and 44-inch = Each half will 
thstand i 


line pressures of 10,000 
PSI while in disconnected position. 


2-Cylinder Hi-Pressure Power Pump. 
Piston type, manually controlled, de- 
livers 214 GPM at 0 pressure, pressures 
to 10,000 PSI. 


Hi-Pressure 4-way Valves. Available in 
several models with capacities of 3, 6, 
and 18 GPM, maximum working pres- 
sure of 10,000 PSI. 


WRITE FOR CATALOG 


Manufacturers of a complete line of hydraulic presses. 


Kodgers Hydraulic Inc. 


Hi-Pressure Hand Operated Pump. Three 
speeds, manually selected, with a range 
from 300 PSI to 10,000 PSI. Models 
with reservoir capacities of 6, 12, 18 
and 30 quarts. 


Hi-Pressure Double Acting Cylinders. Ton- 
nage capacities from 50 to 600 tons, 
cylinder diameters 4 to 14 inches with 
a selection of ram travels from 6 to 48 
inches, longer travels available on or- 
der. Selection of mountings, front, rear 
or plain. Operatin ressures from 
7,500 to 10,000 PSI аде upon 
cylinder diameter. 


Hi-Pressure Metering Valve. Operates to 
a maximum "Y r1 ."- of 10,000 
PSI, capacity of 3 M. 


Let our hydraulic design 
engineers help you select 


the proper equipment for 
your hydraulic installation. 


7468 Walker Street, Minneapolis 16, Minnesota 
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Automate for top performance with... 


Фо pacemaker 


CYLINDERS 


@The Only Cylinders with all the Extras as Standard 

@ OIL pressure to 750—AlIR to 200 Р.5.1. 

€ New Compact Design . . . Saves up to 40% Space 

€ Proven Performance . . . with Extra High Safety Factor 

€ Super Cushion Flexible Seals for Air . . . New Self-Aligning 
Master Oil Cushion 

€ Hard Chrome Plated Bodies and Piston Rods (Standard) 

€ Only from T-J can you get these new ingenious cushion 
designs 


More and more of industry's automation 
problems today—solved with T-J Spacemaker 
Cylinders! New compact design and many 
more plus features for a new high in efficient 
cylinder performance and dependability. Wide 
range of styles, capacities . . . to help you save 
labor, reduce costs on all kinds of push-pull-lift 
jobs. Send for bülletin SM-155-1. The Tom- 
kins-Johnson Co., Jackson, Mich. 


Product Engineering — Mid-October, 1955 


OFF SHELF 
P DELIVERY 


NN 


Member of the National 
Fluid Power Associotion 


TOMKINS-JOHNSON 


RIVITOR AIR AND MYORA YLINDER 41 N 





Because VERSA has a 
Stock Control Valve to fit 
your exact specifications 


.. . Youll Save Money! 


40,000 MODELS 


From more than 40,000 models, Versa can 
supply you with a stock valve to fit ANY low 
or intermediate pressure hydraulic or pneu- 
5 matic control need. 
VSG—4322 й This vast selection eliminates design delays, 
V4 NPT 4-way costly special tooling, difficult mounting pro- 
Solenoid Valve cedures and bulky space wasting attach- 
ments. 


BASIC TYPES IN ALL SIZES 


3 Four body types, 2-way, 3-way, 4-way and 

@& vsc—4302 5-way, with either side ports or manifold 

V4 NPT 4-way ports, form the basic VIMA varve lino. 

Cam Valve These types graduate in size: Vs, V4, 3%, 2, 
34, and 1 МРТ, 


ACTUATION FOR EVERY NEED 


Series "A" Ж Over twenty Versa actuating devices can be 
VSH—3301 3-way Valve used at one or both ends of Versa Valve 
Ve NPT 3-way bodies in a multitude of combinations. 


Hand Valve 
DESIGNED FOR LONGER LIFE 


The functional clean straight line design, 
utilizing balanced pressure action, standard 
“O” ring packings and full capacity flow pas- 
sages are built-in guarantees for millions of 
trouble-free operational cycles. All actuation 
devices and side ports are clear of the flat 
base to insure fast installation, 


EASY MAINTENANCE 


With only common hand tools, any VERSA 
VALVE can be taken apart in a matter of 
seconds and serviced without disturbing 
pressure lines or connections. All inter- 
changeable parts keep down time on VERSA 
VALVES to a minimum. 


FREE CATALOG 


The entire line of 
VERSA VALVES is fully 
explained in our new 
VSP—4312 comprehensive folder 
V4 4-way 
Manifold å M No. 14. For your free 


— | P Pilot y 4 y copy, write to Dept. D 
vsP—3701 > | ; Р Valve ; 

1 NPT 3-way 

Pilot Valve 


FOR EFFICIENT 
CONTROL OF AIR, 
OIL AND WATER 
PRODUCTS COMPANY, INCORPORATED 
249 SCHOLES STREET BROOKLYN 6, N. Y. 
J70 
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HYDRAULIC HOSE ASSEMBLIES 


An 


BULLDOZING 


А 


EASTMAN — first in the field of 
Hydraulic Hose Assemblies—has had the 
privilege of pioneering in many original 
applications of hydraulic power — on 
equipment made by many of America’s 
leading manufacturers—as shown in 
action in the industries, above. 


Modern industry not only moves hy- 
draulically, but with increased efficiency 
and economy—with improved produc- 
tion and performance...the kind of 
performance that improves your com- 
petitive position in your field. 


Product Engineering — Mid-October, 1955 


If you have a power transmission 
problem, consult with Eastman Engi- 
neers. For improved performance due to 
many original exclusive Eastman designs 
...for quality of material and work- 
manship—always specify Eastman Hy- 
draulic Hose Assemblies. 


Ё 
Zastman 


MANUFACTURING COMPANY 
Dept. PE-56, Manitowoc, Wis. 





and 


UMPING „ Catalogs 
~” PROBLEM! 


PERHAPS THE ANSWER YOU'RE LOOKING FOR Bulletins 
IS A ROPER ROTARY PUMP 
we Sia a و‎ ЕО NE i To obtaim copies of literature 
ROPER PUMP-MOTORS p described below, circle corre- 


2 sponding number on coupon 


These units offer low-speed and high-torque, and H B ond of ibi ور‎ 


their versatility finds them well-suited to heavy-duty © 

service within their operating range. In general, М 
recommended speed is 200 to 800 R.P.M. with pres- 7 

sures to 800 P.S.I. In this range, they require from 


7 to 40 G.P.M. flow and will develop up to 11.5 } (V-1) HYDRAULIC Drives—Catalog 
H.P. output at maximum speed and pressure. 53 10, 8 рр, includes circuit diagrams, 
К mounting dimensions and drawings, 

ae OR EET 010 cutaway view illustrating design and 


ROPER SERIES F PUMPS construction details of rotating piston 


type of pumps, motors, transmissions. 
Among the dependable Ropers is the Series F Pump E д 
— pressures to 300 P.S.I., sizes 1 to 300 G.P.M. It Berry Div., Oliver Iron and Steel 


features four-port design with 8 optional piping i Corp., 1018 Oliver Building, Pitts- 
arrangements ... supplied in standard fitted models. | b 2? 

With packed box or mechanical seal; with or with- ©) urgh 22, Pa. 

out relief valve. 


(V-2) FOUR-WAY VALVE— Folder 14, 
8 pp, describes a line of valves for 
pe hand, foot, cam, pilot or solenoid 
ROPER SERIES K PUMPS [^ control] of air, oil or water. Versa 
eo ME i | Products Co., Inc., 249 Scholes St., 
Operate your hydraulic circuit with the correct size 


Roper for the particular job. In many cases the м Brooklyn, N. Y. 
Series K will do, for it is rated from pressures to | Y А 
150 P.S.L, capacities % to 50 G.P.M. This model | ; 
is compact, sturdy . . . is self-lubricated by liquid x (V-3) ROTARY AIR Morors—Bulle- 


pumped. Comes with packed box or mechanical . : : 

seal . . . with or without relief valve. un 449, 11 Рр, describes rotary air 
motors, compressors and vacuum 
pumps. Gast Mfg. Corp., Benton Har- 
bor, Mich. 


"ue pepe a Memo де 
м кым Ж, 


ROPER SERIES H PUMPS 


Lower maintenance costs with a Roper. For in- a 3 ^ di f (V-4) CHEMICAL PUMPS—Folder, 4 
stance, a pump like the Series H with pressures to i ў i d ib inl 1 hetic 
1000 P.S.L., sizes 10 to 75 G.P.M. is ideally suited P pp. describes stainless steel, synthetic 
for hydraulic mechanisms and for other applications | f { rubber and bronze low-volume pumps 
requiring high pressures. Spur gears run in axial I : ә à ” Я 1 
hydraulic balance . . . roller bearings and bronze i with interchangeable Teflon, Hypa on, 
— — A Available with packed Neoprene, carbon or Formica impel- 
с е anical seal. . . 
lers. Eco Engineering Co., 12 New 


York Ave., Newark, N. J. 
ROPER SERIES 3600 PUMPS (V-5) RoTARY GEAR PuMPS—Book- 


You'll profit more with dependable Roper Series N e ‚ 22. 
3600 Pumps on the job . . . they are speedy, quiet, j “ let, 26 PP. describes pumps for liquids 
and plenty rugged. Service-proved features such as , having lubricating properties. John S. 


self-lubrication, adjustable relief valve, hardened ` y 
gears, and mechanical seal contribute to Roper » E" mc ; Barnes Corp., 301 S. Water St., Rock- 
dependability. Sizes range from 40 to 300 G.P.M.; | 3 ford, Ill. 


pressures to 60 P.S.I. 

(V-6) HYDRAULIC CONTROLS — 
Bulletin 57, 6 pp, describes 34-іп., 
pilot-operated, four-way valves. They 
have a pressure range from 100 to 
5000 psi. This unit has the same main 
body as this maker's solenoid con- 
trolled model. Specification and appli- 
cations data are included. Pantex Mfg. 
Corp., Pawtucket, R. I. 
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«wo CYLINDERS 


ла и м. 
muel 
Mile | HYDRAULIC 
YX— e A AND BOOSTERS 


“IN STOCK" 


See Miller Bulletins A-105K (Air) and H-104K (Hydraulic) for Complete 
Dimensions and Engineering Data on these “in-stock” sizes and other Custom 
Miller Cylinders in bores up to 20” and strokes up to 22 feet. 


“IN-STOCK” MODELS а Shown — dene 


MOUNTING HOLES 


ASO & MH50—Tie Rods not 
extended beyond nuts. 
MOUNTING MOLIS А51 & H51-Iie Rods ex- 
tended both ends (shown). 
А52 & H52—Tie Rods ex- 
tended. Cap End only. 
AS3 & H53—Tie Rods Ех. 
tended. Rod End only. 
AS4 & H54—Two Tie Rods 
extended at both ends. 


A61 and H61 
ge Mounting on Rod End 
(A61 not available in 8" bore) 


A64—8" Bore esty 
Flange Mounting on Cap End 


A63—8" Bore only 


ЕІ M i 
ange Mounting on Cap End Flange Mounting on Rod End 


(A62 not available in 8" bore) 


A74 and H74 
Side Flush Mounting 


A72 and H72 
Side Lug Mounting 


A77 and H77 
Side or Foot Mounting 


Trunnion between 
A8 end Head and Cap 


(one week delivery) 


HIN- STOCK'' STROKES (in Inches) 'A" and "HM" Models 


Cushioned | | [3]4[5[6]718] | OTI] I2] T T | рерни 82, 84 ond 86 with 

Non-Cush. [112] 31 415] 6] 7181 91101111121 | | | ||] strokes over 187 requir 
sto v 5 

Cushioned | | [3[4[5[6|7] 8| 9 [10 11 [12 [14 [16 | 18] 20 77. —— Si. 

mec. аа ULL 312 [14 T1618 129 ]22] quires larger diameter 


Cushioned piston rods for the fol 
Non-Cush. 
Cushioned 
Non-Cush. 
Cushioned 
Non-Cush. 
Cushioned 
Non-Cush. 


A81 end trunnion Mounting | A82 end Trunnion Mounting 
H81 on Rod End H82 


TURN own 
& THREADS 


on Cap End H83 


N 

S 
Tt 
aS 
^ 
В 
zl 
Es 


lowing 
Air Cylinder Models 


[[3[4[5|6|7[8 |? | 10 [| 12 [14 [16 [18 [99 T2 221 278 37 36. A82, 84, and 86 with 
12|[3|4|5[6|7]8| 9| 10] 11] 12 [14 | 16 | 18 | 20| 22 | 24 | 28 | 32 136] strokes inside area (1), 
FARE EES OT I Te 18 20) 2h 24 78 07.36. 


Cc 
E- 

— 
2 
о 


М- 
34-16 
34-16 


when operated at 10) 


12] 3| psi ond over 


— 
- 
` 


All hydroulic models 
with strokes inside 
orea (2) and Models 
H82, 84, and 86 with 
strokes in oreo (4 
when operated at 2000 


" 1-14 | Cushioned | | |3]4|[5|6|7/|8]9| 10] 11| 12|14| 16| 18] 20/22] 24| 28 | 32 | JO. 
Non-Cush. rT} 31415161718191101111 121141161 181 201 221 24 | 281 321 36) 
x са Cushioned | | [3[4[5|6|7|8|9 [10 [11] 12 [14 16 | 18 [ 20] 22 [24 [ 28 | 32| 36. — 
Non-Cush. 12/3 4516/7 slo tio fii) i2 114) 16) 18) 20) 22) 24) 28 | 32) 36) 2 Models H82, 84 ond 86 
Cushioned | | 131419161718191 10 Frrr -4 with strokes inside 
Non-Cush. TEBBET BSF TTT TTT TT IS area (3), when oper 


£ 


= ^ 
№ 

*81* 

د 

* 

кә 

© 


4-16 Levshiened [ | I3|4[5]e | 7L 5| VL TOL TT] 12] 14 | 16 | 18] 20 | 22 | 24 | 28 | 32 36 | —- 
М№п-Сызһ. | 11213141516 171819 110111112 [1411611812022 |24 28132136 
Cushioned | | |314 15161718 [9110111112 [14 111181201 22| 24128132135 
Моп-Сызһ. |1 1213141515 171819110 111112 114 16118 2012224128132 135 
Cushioned | | 131 4/5/6/7/ 8/97 TOT TT IZ] 14 72-15-2022 |24 | 28 | 324 36 | 

Non-Cush. | 1] 2/3] 415/617] 8) 9/10/11] 12 [149 16] 18] 20/ 229 24 | 28 | 32] 36 | 
” -12 h eushiend [ | [3|4[5|6|7|8| 9| 10 | 11| 12 [14 | 16 | 18 | 20 | 22 | 24 | 28 32 | 36 | .— 
Non-Cush. —— — 114116] 18] 20! 22] 24 | 28| 32| 36| 
п 


— 

س — 

> 
х 

e e 

* Ё 

а 

o 


зга [11 [12 [14 [16 [18 [20 [22 [24 [28 [32] 36. 
——————— 


Immediate Delivery on the following Miller 25 to 
duces 2000 psi hydraulic oil output): Model B4, 5” bore, 


Cushioned 
-1 2 Non-Cush. 


A] |м 
= |= 
2 


BOOSTERS 
IN STOCK 


Tanks, 5" dia., 6" and 10" heights. 


Write For Catalog 
and Stock Price List 


2002-04 N. Hawthorne Ave. 


AIR & HYDRAULIC CYLINDERS 


COUNTERBALANCE CY 


Reciprocating Booster Model DA77-RBA8, 5" bore, 1” dia. ram, 6” 


ated ot 1000 psi and 

over. 

Depending upon Trun 
nion Pin location, “A” 
ond “H” Models 83 with 
standard diameter piston 
rods can hove longer 
strokes than Models 872, 
84 and 86 

See Miller File 225! 
for oversize piston rod 
ond stop tube require 
ments 


Ratio Boosters (80 psi air input pro- 
1” dia. ram, 6” and 12” strokes; 


stroke. Also Booster 


MILLER FLUID POWER CO. 


Melrose Park, II 


ACCUMULATORS 





LEIMAN 


Rotary 


AIR PUMPS 


VACUUMS 
up to 29.9" Hg 


PRESSURES ир to 20 Ibs 


Catalogs and Bulletins continued 


(V-7) HYDRAULIC STANDARDS — 
Pamphlet, 20 pp, includes all revisions 
made at the January 1953 meetings of 
the Joint Industry Conference. Also 
included are the recommended prac- 
tices on hydraulic packings and seals, 
examples of packing code identifica- 
tion, sample circuit using JIC sym- 
bols, glossary of terms. Miller Fluid 
Power Co., 2040 N. Hawthorne Ave., 
Melrose Park, Ш. 


(V-8) EXPANSION VALVES—Catalog 
E 210, 6 pp, lists 14 models of valves 
with nominal capacity of 4% to 134 
ton, with schematic views. Engineer- 
ing data on factors important to their 
application is included. Controls Corp., 
2450 N. 32 St., Milwaukee, Wiscon- 
sin. 


(V-9) AIR CYLINDERS— Bulletin 
A-105K, 8 pp, describes design, con- 
struction, engineering, mounting and 
dimensional data on 200 psi heavy 
duty cylinders. Miller Fluid Power 


Co., 2040 N. Hawthorne Ave., Mel- 
rose Park, Ill. 


Patented Leiman Wings take 
up their own wear — maintain 


rated capacity for years and 


4-WING TYPE. Vacuums to 20” 
Hg.; pressures to 15 Ibs.; displace- 
ment to 162 cfm. Wings hinged to 
pistons maintain continuous sealed 
contact with cylinder walls by cen- 
trifugal force. Small pistons, large 
cir chambers, greater capacity. 


> 
Bre after 10, 15 and 20 
years of continuous 
service, Leimar Air Pumps 


run extremely quiet and 


trouble-free— provide full, 
pulseless vacuum or pres- 
sure—require little or no 
maintenance, except lubri- 
cation. Precision-made 
with fewer parts, no pack- 


ing, nothing to get out of 


order. Over half a million 
installed during past 60 
years. Design Leiman de- 
pendability into your equip- 
ment. Consult our engi- 
neers on any application. 


— —— — — 


2-WING TYPE. Vacuums to 29.9” 

.; pressures to 20 Ibs.; displace- 
ment to 40.8 cfm. Automatic wing 
adjusting lever forces wear-resistant 
steel blades to cylinder walls, pre- 
venting sticking or binding, main- 
taining positive vacuum or pressure. 


FREE ENGINEERING DATA 


@ Application Book showing 60 
“how-to-do-it” blueprints of 
octval cpplications. 


ló-poge Cotolog showing con- 
struction, types, sizes, capoc- 
ities, etc. 


LEIMAN BROS., Inc. 


107 Christie Street, Newark 5, N. J. 


AIR PUMPS * AIR MOTORS - 


SANDBLASTS - DUST COLLECTORS 


(V-10) REMOTE VALVE CONTROL— 
Manual 553, 20 pp, contains charts 
for selecting the correct size flexible 
shaft, knowing the length of the shaft 
and the size of the valve handwheel. 


Finding diagrams show different types 


of valve couplings, intermediate con- 
nections, remote stations and clamps 
that are available for flexible shafting. 
Drawings of the terminals are shown 
with complete dimensional data. Stow 


Mfg. Co., 426 State St., Binghamton, 
N. Y. 


(V-11) STAINLESS TUBING AND PIPE 
Bulletin, 4 pp, describes analysis, 


physical characteristics and mechanical 


properties. Hot and cold working in- 
structions include machining, welding, 
annealing, hardening and drawing. A 
complete size range of tubing and 


pipe available is also listed. Carpenter 
Steel Co., Union, N. J. 


(V-12) CENTRIFUGAL PUMPS — 
Booklet, “Centrifugal Pump Funda- 
mentals,” 12 pp, explains the princi- 
ples of operation, defines the various 


terms used in pump calculations and 


works out typical pump problems. 
Simple illustrations and comparisons 
are used or, where necessary, typical 
problems and curves. Ingersoll-Rand 
Co., 11 Broadway, New York 4, N. Y. 
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ASTO. 
one source for the 
most complete line of 


SOLENOID VALVES 


When you discuss solenoid valve requirements with an 
ASCO Engineer, you are benefiting from the design and 
development experience of half a century. The ASCO special- 
ist can recommend the right valve for your needs because 
that leadership has resulted in the more than 1300 types of 
solenoid valves now available: 


| 
| 
| 
| 
| 
| 
| handle” safety shut-off 


Electrically tripped E 
Bulletin 8015 release Bulletin 8020 


TWO WAY — FULL PORTED 


| 
| 
| 
| 
| 
| 
| 


Low pressure General purpose Steam 
Bulletin 8030 Bulletin 8210A Bulletin 8222 


— — — — — — — — — — —— 


TWO WAY — SMALL PORTED 


| 
| 
EP» | э 
| 
| 


et general purpose Fuel oil and i qum proot 
Bulletin 8262 Bulletin 8258 \ 


” 


Two way valves in pipe sizes from V$" to 6" — for 
temperatures to 600? F. — for pressures to 1500 p.s.i. 


Three way valves in pipe sizes from V$" to 6" — for 
temperatures to 450° F. — for pressures to 1000 p.s.i. 


— — — — — — — — — — — —— 


г 
| 
| 
| 
| 
| 
| 
| 
H 
| 
| 
| 
| 
| 
| 
| 
+ 
| 
| 
| 
| 
| 
| 
| 
+ 


Four way valves in pipe sizes from V4" to 115" —for 
temperatures to 212^ F. — for pressures to 500 p.s.i. THREE WAY 


— poppet or slide type. 


| 
And ASCO can supply you with standard, explosion-proof | 
or water tight enclosures— Class A and Class H coils—a wide | 
range of body materials including cast iron, brass, bronze | 

| 


and stainless steel. 


© 


| 
| 
| 
| 
| 
| 
Pilot -— of diaphragm | 


There's one source that solves virtually any solenoid valve MEE. —— ا‎ росна 


problem— ASCO. Why not have the ASCO Engineer call—or + р 
write for your copy of ASCO Solenoid Valve Catalog No. 24. i 


To learn more about ASCO equipment 
See Section I for data on ASCO Electromag- 


netic Controls—relays, contactors, solenoids, 
complete control panels. See Section H for ASCO * 


Electromagnetic Controls for standby emergency 
power installations. Dual sotenora ai purpose 


CORROSION | RESISTANT 


ass 


Compact Saunders Three way —5* * | 
т Bulletin 8336 і Special Bulletin 8300 Bulletin 8338 


| 
| 
| 


| 

| 

| 

Lene oss 
n 

"S КЕ 
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the new L and L... 


straight thread fitting 


for most valves * pumps 
e hydraulic systems 


another L & L first 


Fits two types of straight thread ports, L & L type 
and AND-10050 port. AND—10050 port re- 
quires "O" ring seal. L & L port can be sealed 
with or without “O” ring, 


Eliminates stress—elbows ond tees can be posi- 
tioned without overtorque of threads. 


Reduces installation time—no need for dope in 
your hydraulic system. 


Assemble and reassemble without damage to 
port or fitting—assures positive seal. 


Eliminates leaks at junction point. 


Captive nut prevents leak- 
age and does not over- 
stress, damage port or 


€ Savings in tools, scrap and 
production. 

€* Savings in assembly and 
maintenance, no dope or 
sealer necessary, no valve 
distortion. 


See one of our representatives today! Located in principal cities. 
A For nearest representative and literature 
—write to: 


MANUFACTURING COMPANY 
B088 E Nine Mile Rd., Von Dyke, Mich 


Only L&L gives you a “Complete Fitting Line” 


J76 
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(V-13) HyDRAULIC PUMPS—Catalog 
1, 8 pp, describes pumps of 5 to 200 
gpm models. Viking Pump Co., Cedar 
Falls, Lowa. 


( V-14) JACKETED PUMps—Catalog E, 
10 pp, describes pumps designed for 
heating or cooling of material han- 
dled. Viking Pump Co., Cedar Falls, 


Iowa. 


(V-15) Heavy Duty PuMps—Cata- 
log C, 26 pp, describes reversible 
pumps of 10 to 300 gpm ratings. 
Viking Pump Co, Cedar Falls, Iowa. 


(V-16) PUMP ENGINEERING DATA— 
Catalog K, 38 pp, discusses funda- 
mentals of rotary pump operation and 
application, including material on 
types of heads, capacity requirement, 
viscosity consideration, piping design, 
pressure factors. Viking Pump Co. 
Cedar Falls, Iowa. 


(V-17) SPECIAL APPLICATION 
PumMPs—Catalog J, 16 pp, describes 
pumps for various special purposes. 
Viking Pump Co., Cedar Falls, Iowa. 


(V-18) GENERAL PURPOSE ROTARY 
PuMPs—-Catalog B, 36 pp, describes 
reversible pumps of 15 to 200 gpm 
ratings. Viking Pump Co., Cedar Falls, 
Iowa. 


(V-19) UNDERWRITER PUMPS—Cata- 
log D, 12 pp, describes UL-approved 
models of 5 to 300 gpm ratings. Vik- 
ing Pump Co., Cedar Falls, Iowa. 


(V-20) MOTORIZED VALVE ASSEM- 
BLIES—Bulletin 8506, 6 pp, gives in- 
formation for selection of valve bodies, 
linkages and power units. Minneapolis- 
Honeywell Regulator Co., Wayne and 
Windrim Ave., Philadelphia 44, Pa. 


(V-21) HYDRAULIC STEERING SYS- 
TEMS—Bulletin M-5106, 4 pp. Circuit 
diagrams show four types of power 
steering systems based on components 
which can be assembled to fit a variety 
of installation and performance re- 
quirements. Vickers, Inc., 1400 Oak- 
man Blvd., Detroit 32, Mich. 


(V-22) HERMETICALLY SEALED HEAD- 
ERS—Catalog 200, 16 pp, furnishes 
technical data on compression multi- 
headers of all-glass and all-metal con- 
struction. Hermetic Seal Products Co., 
29-37 S. 6 St, Newark 7, N. J. 
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*plus a complete line of other pneumatic accessories 


Harness air power with Schrader Air Control 


On many machines, Schrader Control Sets 
will actually double your production by re- 
placing tedious, time-wasting manual oper- 
ations with swift, safe, sure movement by 
air. In other locations, Schrader Valves, Cyl- 
inders and other Air Line Accessories lift... 
lower... pull... push... clamp... clean off. 
They do many things so easily and quickly 
that you'll find it hard to believe you did 


without them before. 

Take a look around your plant—keeping 
in mind where air power could do the job 
better. Then let us help you develop your 
ideas into neat, efficient air line hookups that 
will pay for themselves over and over again 
the first year. For specific information, write 
—or, if you prefer, fill out the convenient 
coupon below. 


LEADERS IN AIR CONTROL SINCE 1844 


REG. U. S. PAT. OFF 


A. Schrader's Son 


E 
The complete Schrader line of pneumatic 
accessories includes everything you need 


Product Engineering — Mid-October, 1955 


Name. |. — 


Division of Scovill Manufacturing Company, Incorporated 
477 Vanderbilt Avenue, Brooklyn 38, N. Y., Dept. J-56 


| am interested in more information on... 


л еы ИИ 


Сотрапу 
ЛАЛА асаа 





I 


has the answer 
fo your sealing 
problems 


Engineers the country over have found the 
solution to trouble free, leak proof sealing by 
specifying and using PRECISION “О” Rings and 
Dyna-Seals. PRECISION, the world's largest ex- 
clusive producer of these specialized products, 
has engineered and solved the industrial sealing 
requirements of hundreds of manufacturers. 
PRECISION “O” Rings and Dyna-Seals are per- 
formance proved, dependable seals against 
gasoline, fuels, oils, gasses and chemicals. 


PRECISION “0” RINGS—Compression molded 

from quality controlled compounds to тее 
SAE, JIC, ASTM, AMS and all military and commer- 
cial specifications and standards. Rigidly inspected. 
195 standard sizes — specials to your specifications. 
PRECISION "O" Rings seal against pressures up to 
5,000 psi. For static or dynamic installations in fluid 
power mechanisms, couplings, control valves, etc. 


n 
PRECISION DYNA-SEALS — For face-to-face seal- 
ing on any flat surface. This one piece syn- 
thetic rubber sealing member, bonded to a steel 
washer, eliminates the need for grooves, flanges and 
special machining — cuts assembly costs! Reduces 
bolting torque. Dyna-Seal provides a positive seal 


under pressures up to 10,000 psi. It has hundreds 
of time saving applications. 


You too can rely on PRECISION — for quality — for service — for technical help. Call in a PRECISION Engineer today. 


Irecision Rubber Products 


| CORPORATION + 


| Mynd-seai 
R 


Dept. 3, Oakridge Drive, Dayton 7, Ohio Canadian Plant at: Ste. Thérèse de Blainville, Québec 
J78 Product Design Handbook Issue 





rotary piston, 


Operating parts of a 3-place 
Derry unit, with bearing plates 
omitted for clarity. Continu- 
ous rotation assures smooth, 
Pulsationless flow of power. 


DERRY 


multi-place hydraulic 


pumps 


Note simplicity and rug 
gedness of all parts. Anti 
friction bearings used 
throughout provide peak 
capacity and efficiency 


Places 
(Cyt- 


| 


СД, 
Мын 


All three rotating members 
LL 


п а 1:1 


are geared together 
ratio There is no 
metallic contact of rotating 
members with the housing. The 


oil film seals the unit 


The rugged simplicity of Berry 
design leads to long life with 
ou! maintenance, and assures 
equal performance in bofh di- 


rections, and as either 


pump 
or motor. 


PUMP 


Berry 
Model 


and motors 


P 
(936 


No sealing contact 
while the piston 
bucket of V, sin 
s equalized around 


member (V % 


Smali radius of gyration of 
pistons produces a low inertia 
effect, a valuable characteristic 
where rapid acceleration or de- 


celeration is needed 


MOTOR 


Torque 
Ib.-inches 


Number At max. R.P.M. and 


intermittent P.S.I. 


inders) 


14-15 series 


High-pressure pump/motor units 
providing rapid acceleration, fast 
reversal, high shock-load capacity, 
high low-speed starting torque. 
Typical applications are: machine 
tools, farm machinery, oil field 
equipment. 


1400 
1400 
2500 








M | 





1080 
200 
400 


C2 











u 


N 
С) 
N 


3600 


Max. Continuous psi—1500 lbs. Max. Intermittent psi—2000 lbs. 


32—10 SERIES 
Ci [| Pi [53 | о: [| вш | 
[1 | Bi | 592 | wm | 3816 | 
[2 | B2 | us | 760 | 7632| 
[ B3 | 1053 | 760 | 11448 | 
212 | 2518 
mi0 | 318 


Max. Intermittent psi—1500 lbs. 


32-10 series 


For higher horsepower applica- 
tions such as cranes, sawmill car- 
riage drive, marine winches and 
capstans, earth-moving equip- 
ment, mining machinery, steel mill 
equipment. 


Popular in the oil-hydraulic ele- 
vator field because of low noise 
level and pulsationless operation, 
32-05 series units are used also 
for drop forges, sawmills, lumber 
stackers, and miscellaneous fluid 
transfer. applications. 


144 
Max. Intermittent psi—500 lbs. 


[Suitable for 1222 rpm. max. 


Max. Continuous psi—300 lbs. 
*Suitable for 2000 rpm. max. 


BERRY DIVISION 


OLIVER IRON AND STEEL CORPORATION 


WAREHOUSES: 
Los Angeles, San Francisco, 
Dallas, Chicago, Pittsburgh, 
Birmingham, Ottawa 





WRITE 
fur name of nearest 


PITTSBURGH 22. PA Berry Representative 





Жом THREE PARTS 

XX MEETS J.1.C. STANDARDS 

X GREATER FILTERING AREA 
XX SPECIAL TRAP-WEAVE MESH 


` he Mu 


CAPITAL HYDRAULIC OTL FILTER 


WITH MONEL METAL INSERT 


Reservoir Type for Hydraulic and Oil Re-Circulating Machinery 


EASY TO INSTALL * EASY TO CLEAN * LONG LIFE * LOW CO 


SIZES AND SCREENS TO FIT YOUR NEEDS 


(CAPITAL ENGINEERING & MFG CORP 


5835 South Ashland Avenue Chicago 36, Illinois 


Q 


This safe, sure, low-cost seal may save you money and grief AND 

over the type you are now using . . . in static, and in some CUSTOM 
cases moving applications. TETRASEAL rectangular-section 

rings by Goshen are non-laminated (in one homogeneovs piece). DESI GNED 
Edges are accurately formed, and cross-sectional tolerances 
can be held to + .004 depending on inside and outside 
diameter, on size of cross-section and on material desired. 
Now available in materials to meet MIL, AMS and commercial 
specifications. To find out what TETRASEAL can do for you, 
write for Technical Bulletin No. 11. 





TETRASEAL 


RECTANGULAR-SECTION 


RING 


make 
GOSHEN 


your 
HEADQUARTERS 
GOSHEN RUBBER fot 


DISCS 
SEALS 
O-RINGS 
PACKINGS 
DIAPHRAGMS 


See our “Facilities” catalog in Sweet's Product Design File. 


Goshen Vn Co. INC РА е а! 


CUSTOM DEVELOPMENT AND FABRICATION SINCE 1916 


3310-5 S. TENTH ST. 


Catalogs and Bulletins continued 


(V-23) PNEUMATIC CONTROL AND 
TRANSMISSION—Bulletin 1120, 44 >p, 
describes pneumatic controllers, their 
applications and how they work. Also 
describes pneumatic transmission sys- 
tems and cascade, ratio and other 
interconnected control systems. Min- 
neapolis-Honeywell Regulator Co, 
Wayne and Windrim Ave., Philadel- 
phia 44, Pa. 


(V-24) BRONZE AND IRON VALVES 
—Chart, 17 pp, lists figure numbers of 
valves of other manufacturers that are 
equivalent in application. Fairbanks 
Co., 393 Lafayette St, New York 3, 
N. Y. 


(V-25) INDUSTRIAL HosE—Catalogs 
describe welding, steam, air and petro- 
leum hose, giving recommended uses, 
construction and specification as to 
size, weight and recommended work- 
ing pressures. Boston Woven Hose & 
Rubber Co., P. O. Box 1071, Boston 
3, Mass. 


(V-26) AIR-HYDRAULIC CYLINDERS 
—Bulletin 55, 8 pp, has detailed draw- 
ings of various types of mounts. Com- 
plete dimensions for each mount 114 
to 8 in. bore are shown. An enlarged 
cut-a-way illustration shows detailed 
construction features. Accessory and 
engineering information also given. 
Hydro-Line Mfg. Co., 5742 Pike Road, 
Rockford, Ill. 


(V-27) TEMPERATURE CONTROLS— 
Catalog, 32 pp, describes thermostats, 
space thermostats, relays, pressure and 
hydraulic-action controls. Included also 
are all controls for oil and gas-fired 
systems, solenoid gas valves and im- 
proved automatic pilots. White- 
Rodgers Electric Co., St. Louis 6, Mo. 


(V-28) PNEUMATIC AND HYDRAULIC 
COMPONENTS—Catalog, 120 pp, de- 
scribes cylindets, valves and packaged 
fluid power devices and contains com- 
plete operating data, dimensions, op- 
tional mountings and other informa- 
tion. Modernair Corp., 400 Preda St., 
San Leandro, Calif. 


(V-29) HYDRAULIC PUMPS—Bulle- 
tin DP-550, 4 pp. Dimensioned draw- 
ings and specifications are included 
and construction features and perform- 
ance characteristics are fully described. 
New York Air Brake Co, 1700 E. 
Nine Mile Road, Hazel Park, Mich. 
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Catalogs and Bulletins continued 


(V-30) Am-HyDRAULIC PUMP — 
Folder, 4 pp, illustrates applications 
of a small volume high pressure unit. 
Powermatic Sales Co., 258 Kenmore 
Blvd., Akron, Ohio. 


(V-31) ROTARY PUMPS — Catalog 
955, 7 pp, describes adjustable relief 
valves as standard equipment on K 
Series pumps, internal construction of 
elevator pumps, low speed, high torque 
hydraulic pump-motors. George D. 
Roper Corp., Rockford, Ill. 


(V-32) TUBE FITTINGS — Catalog 
3500, 74 pp, describes lines of flare, 
compression, threaded fittings and 
various types of valves. Imperial Brass 
Mfg. Co., 1200 W. Harrison St., Chi- 
cago 7, Ill. 


(V-33) SAFETY SHUT-OFF VALVES— 
Bulletin M-302, 4 pp, contains operat- 
ing and construction details, cites ap- 
plication examples, gives dimension 
tables. Eclipse Fuel Engineering Co., 
1002 Buchanan St., Rockford, Ill. 


(V-34) HYDRAULIC CONTROL MANI- 
FOLDS— Brochure, Á pp, describes op- 
eration and application of hydraulic 
circuit control manifolds for hydrau- 
lically operated machines. Almo Tool 
Co., 11470 Kaltz, Centerline, Mich. 


(V-35) AIR AND HYDRAULIC CYL- 
INDERS—Catalog 101, 16 pp, is de- 
voted to low pressure cylinders, 650 
psi max. Tables, drawings, photo- 
graphs provided, giving dimensions, 
capacities, other data. Galland-Hen- 
ning Mfg. Co., 2753 S. 31 St, Mil- 
waukee 46, Wis. 


(V-36) SOLENOID VALVE— Folder 
215, 12 pp, contains flow rate charts 
and standardized specifications. Indus- 
trial Sales Div., Dept. 118, Hays Mfg. 
Co., W. 12 St., Erie, Pa. 


(V-37) PIPELINE JOINTS— Bulletin, 
4 pp, provides cross-sectional draw- 
ings, specifications of ball, revolving 
and swivel joints. Barco Mfg. Co., 500 
Haugh St., Barrington, Ill. 


(V-38) CENTRIFUGAL PuMPs—Bul- 
letin 722.6, 12 pp, gives detailed in- 
formation on specifications, materials 
of construction, and mechanical details 
of this two-stage pump. It includes 
performance curves, and charts. Goulds 
Pumps, Inc., Seneca Falls, N. Y. 
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HYDRAULIC 
REMOTE CONTROLS 


The ONLY Single Tube 


Balanced System that replaces 


turnbuckles, pulleys, bellcranks 


and pushrods. 


The Sperry Hydraulic Control, a self-contained system, consists essen 
tially of a hand-actuated transmitter and a receiver connected by à 
single tube. There is absolutely no dependency on outside sources of 
power such as electricity or air which are subject to failures. The system 
is filled with hydraulic oil, and due to the oil's incompressibility, force 
applied to the transmitter is immediately delivered to the receiver. Any 
movement of transmitter handle is duplicated by the receiver lever. 
The Sperry Hydraulic Remote Control System makes possible precision 
operation of a remote mechanism, free of backlash and the “spongi- 
ness of the ordinary pneumatic control. The operator is assured of 
instantaneous response, extreme accuracy and "feel" of the operated 
mechanism even though it is often out of sight and many feet away. 
Simple and inexpensive installation complete the features appreciated 
by all in industry. 


SPERRY HYDRAULIC CONTROLS ore for manual or automatic 
control of: 


Hydraulic Pumps Fire Extinguishers 
Hydraulic Reverse Gears Feed Mechanisms 
Engine Spark Adjustments Grinder Spindles 
Engine Mixture Setting Trippers 
Variable Speed Transmissions Releases 


Hydraulic Transmissions Duplication of Motions 
and many others 


Write for more complete information. 


SPERRY PRODUCTS, INC. 
DANBURY, CONNECTICUT 





A COMPLETE LINE OF 
AIR CONTROL EQUIPMENT 


precision-made HEAVY-DUTY 


AIR MOTORS 


WITH “SEALED-IN LUBRICATION” Pot. Pend. 


Wide choice of electric and/or air 


controls and mountings. For air ё 
Lubrication” 
Assures low break-away 
on long idle units — 


pressures up to 200 P.S.I. 
ample sealed-in oil for 


Bores: 11$ —2"7 3" —4" —5'* 
Stroke: V27” to 72”. 

thousands of cycles with- 
out attention. 


You Are Invited To 
Consult Our 


freely on all air automation 
or replacement problems. 
Troined foctory nel 
available nationally. 


Write for Catalogs 
ond Nome of Neorest 
Lehigh Representative 


ENGINEERS & 
duty. 
MANUFACTURERS ed jigs 


1510 Lehigh Drive Ке high "esl 
EASTON, PENNA. ae 


FOR A 
WIDE 
DIVERSITY 
OF 
APPLICATIONS 


Illustrated is a SUN 
Glass Grinding Ma- 
chine equipped with 
a Ruthman Gusher 
Coolant Pump. 


Gusher Coolant Pumps are versatile. They 
come in a wide diversity of models to fit 
almost every application. All models give 
the same instantaneous Coolant flow, and 
efficient day in, day out service. The elec- 
tronically balanced rotating assembly, heavy 

MODEL 11022 duty pre-lubricated ball-bearings assure you 
of long, trouble-free service at minimum 
maintenance cost. Write for our catalogue 
today. 


THE RUTHMAN MACHINERY CO. 


1817 READING ROAD - CINCINNATI 2, OHIO 
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Catalogs and Bulletins continued 


(V-39) HYDRAULIC - PNEUMATIC 
POWER UNrr—Bulletin, 16 pp, in- 
cludes drawings, photographs, graph 
and table. Application to clamping clo- 
sure, compression, extrusion, squeez- 
ing and crushing in presses and other 
machinery is described. Pantex Mfg. 
Corp., P. O. Box 660, Pawtucket, R. I. 


(V-40) BRASS OR STAINLESS SOLE- 
NOID VALVES—Bulletin F-1, 1 pp, il- 


lustrates and describes direct lift sole- 
noid valves (¥ and 1⁄4 in. pipe sizes) 
made in brass and stainless steel. J. D. 


Gould Co, 730 E. Washington St, 
Indianapolis 2, Ind. 


(V-41) PNEUMATIC SYSTEM FILTER 
AND CONTROL—Booklet, 16 pp, con- 
tains tabular data, drawings, curves 
describing device that drains, filters, 
controls and lubricates air lines. Arrow 
Tools, Inc, 1900 S. Kostner Ave., 
Chicago 23, Ill. 


(V-42) VALVES—Folder 5417, 4 pp, 
describes line of precision controlled 
valves, for high and low pressures and 
wide ranges of temperature. C. E. 
Squires Co., 18502 Syracuse Ave., 
Cleveland 10, Ohio. 


(V-43) PNEUMATIC TRANSMITTER— 
Bulletin Sup. 285-L2, 4 pp, describes 
unit designed for measuring flow, level 
and differential pressures in water fil- 
tration and sewage plants, and for low 
pressure industrial service. Contains 
photographs, installation diagrams and 
drawings. Builders-Providence, Inc., 
345 Harris Ave., Providence, R. I. 


(V-44) VALVES—Charts give facts on 
more than 80 valves manufactured by 
this firm. For example, solenoid-oper- 
ated valves are detailed as to type, size, 
operating, proof and burst pressures, 
operating temperatures, use, flow, 
solenoid electrical data, material, pack- 
ing and weight. All valves listed are 
zero leakage types developed especially 
for aircraft and guided missiles. 
Futurecraft Corp., Dept. F-2, 1717 N. 
Chico Ave., El Monte, Calif. 


(V-45) CENTRIFUGAL PUMPS—Bul- 
letin 1010, 16 pp, gives information 
on sizes, horsepowers, heads and ca- 
pacities, dimensions, materials of con- 
struction, design data, construction 
features. Chempump Corp., Station E, 
1300 E. Mermaid Lane, Philadelphia 
18, Pa. 
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Catalogs and Bulletins continued 


(V-46) CORROSION - RESISTANT 
VALVES—Bulletin 8, 8 pp, incorpo- 


rates recent field-test data on various 2 TUTH Н LL 


concentrations of sulfuric acid at dif- 


ferent temperatures. Also includes a | CATALO G ING PLAN 


description, applications, advantages 


of austenitic alloy valves, together with м ۸ KES IT EASY TO SELECT 


engineering specifications and cross- 

sectional illustrations of thirty-nine Model C 
valves and fittings. Alloy Steel Prod- | THE RIGHT PUMP m 
ucts Co, Inc, W. Elizabeth Ave, 


Linden, N. J. FOR THE JOB m 


(V-47) STEAM AND AIR JET SYPHONS 

—Bulletin 2A, 24 pp, describes appli- 

cation, construction, Operation and x 

performance of syphons which utilize | meu, aii. Model Cx 


pre$sure energy of steam or air to 
pump, heat and mix liquids, gases and 


wan. dpa e chupa ar agio Why dig through volumes of data to find the one 


- , pump to serve your particular requirements? To 
поп capacities, steam consumption, | Model R simplify your selection, Tuthill now offers a 
operation pressures and sizes and di- series of catalogs, each covering a specific model 
mensions. Lead-lined, glass, special al- for a specific purpose. Just check the services 
loy and other corrosion resistant types listed below, select the pump that gives you the 
of syphons are described. Schutte and required capacity and pressure, and ask for that 
Koerting Co, Dept. J-Q, Cornwells Catalog by Catalog Number shown. 


Heights, Pa. 
FOR PRESSURE LUBRICATION 
(V-48) PNEUMATIC PRODUCTION Catalog No. 101... Model L. . .. % to 6 g.p.m. up to 200 р.з.1. 


EQUIPMENT—Booklet, 20 pp, con- Catalog No. ...Модеі С.. d 2 to 200 g.p.m. up to 100 p.s.i. 
Catalog No. .Model К (automatic reversing) .?4 to 200 g.p.m. up to 100 p.s.i. 


tains photographs and descriptions of Catalog No. ...Models S & SA (stripped) % to 200 g.p.m. up to 100 p.s.i. 


pneumatic feeders, fabricating units, 
assemblers in use in production equip- FOR HYDRAULIC SERVICE 


ment. Mead Specialties Co., 4114 N. Catalog No. 101...ModelL............... ... %4 to 6 g.p.m. up to 600 p.s.!. 
Catalog No. ...Model CK............ d ..5 to 200 g.p.m. ир to 400 p.s.i. 

Catalog No. ...Model RCK (automatic reversing) A el 
- ¥%, to 200 g.p.m. up to 400 p.s.i. 
( V-49) HYDRAULIC FLUID—Booklet, Catalog No. ... Models S& SA (stripped). ... .4 to 200 g.p.m. up to 200 p.s.i. 


20 pp, includes a step-by-step check FOR COOLANT SERVICE 


list for converting a system to the Catalog No. 102. .. 2 to 200 g.p.m. up to 100 p.s.I. 


manufacturer's fire-resistant industrial Catalog No. 103... 100 to 200 g.p.m. up to 200 p.s.i. 

: : ; is Catalog No. 104. . Model M (internal-relieving). . 2 to 50 g.p.m. up to 15 p.s.i. 
hydraulic fluid, as well as detailed in Catalog No. 105... Model R (automatic reversing)..2 to 200 g.p.m. up to 100 p.s.i. 
formation on its properties and past Catalog No. 106. . Models S & SA (stripped) 2 to 200 g.p.m. up to 200 p.s.i. 


— — nU S FOR TRANSFER AND CIRCULATING 
e +» X. , " Catalog No. 10f .. ' 6 g.p.m. up to 200 р.з.1. 


ш Catalog No. 102... .p.m. up to 100 p.s.i- 
(7-50) HYDRAULIC EQUIPMENT— Catalog No. 103... 100 to 200 g.p.m. up to 200 p.s.i. 
Booklet, 20 pp, has drawings, specifi- Catalog No. 105. . Model R (automatic reversing). .2 to 200 g.p.m. up to 100 p.s.i. 
cation data on hydraulic pumps, rams, Catalog No. 106...Models S & SA (stripped) 2 to 200 g.p.m. up to 100 p.s.i. 


valves, couplers and other types of FOR BURNING OILS 


units. Char-Lynn Co., 2843-26 Ave. S., Catalog No. 101... up to 200 p.s.i. 
Minneapolis 6, Minn. Catalog No. 102... „p.m. up to 100 p.s.i. 
Catalog No. 107... up to 300 p.s.i. 


(V-51) NEEDLE CONTROL VALVES FOR BUILT-IN APPLICATIONS 
—Bulletin 5C-13, 8 pp, included a Catalog No. 106. ; 
table of nominal needle sizes with cor- Ask for All standard Tuthill pump models are available in stripped form for building into the 


i ` design of your equipment. 
responding valve coefficients and a 


characteristic curve showing the per- 
cent of maximum flow in relation to TUTHI 
the percent of total lift. Formulas and D« 


Knox Ave, Chicago 41, Ill. 


LL PUMP COMPANY 


instructions for calculating the size of 939 East 95th Street, Chicago 19, Illinois, U. S. A 
a suitable control valve for use with 
liquids, gases and steam are given. | 


Foxboro Co., Foxoboro, Mass. Ingersoll, Ontario, Canada 


[4 


Canadian Affiliate: Ingersoll Machine & Tool Co., Ltd. 
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® 
MOLDED PACKINGS 
a complete Cine forthe desiqn enqinenr ! 
Palmetto Molded Packings comprise a complete line that en- 
compasses every design need. Designed for you originally 
..refined for you constantly. ..they are always abreast of 


latest mechanical developments. Make your choice—for better 
product performance: 


SLES PALMETTO G-T® RING —For use as static or 


dynamic seal in hydraulic or pneumatic service. Seals without 
extruding or spiraling at all pressures to 20,000 psi. Simplifies 
design...reduces machining operations . . . minimizes overall 
size of equipment. 


PALMETTO PYRAMID® -The champion where a 


multilip seal is preferred. Rugged design offers plus service 
life when used as a rod, ram, plunger, or piston seal at high 
pressures. 


PALMETTO O-RING A popular seal for iow and 
Ec medium pressures. Simplifies design—saves space. Also recom- 
mended for gasket applications. 


L a 1 PALMETTO КИР —A popular piston packing available 
= in a variety of fabrications to seal the standard or new syn- 
thetic fluids. More resistant to heat than leather... will not 

dry out in air, 


„4 qu: m PALMETTO FLANGE ror rod packing in low pres- 


sure service. Adaptable to reciprocating or rotary motion. Also 
used as dust seal. 


and the NEW improved 
М (—M ramiro urimo- 


cylinders made from commercial tubing honed up to .030 over nominal sizes. Same 
sizes available in synthetic or fabric construction permits interchangeability of 


packing in low or high pressure cylinders. ALLOWS STANDARDIZATION OF COM- 
REDUCES FRICTION. ALSO RECOM- 


PONENT PARTS... INCREASES EFFICIENCY... 
MENDED AS ROD SEAL 


Solve your sealing problems with Palmetto Molded 
Packings. Avail yourself of special literature help- 
ful to the design engineer . . . Write 

for Manual MP-200 today. 


— — абе, 
GREENE, TWEED & CO. worth wates,pa 
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TWO SPEED 
CONCENTRIC PUMPS 


STAR Hi-Lo 


"| 


HAND OR FOOT OPERATED WITH 
SINGLE LEVER OR PEDAL 
Two speed construction provides automatic change-over on 


operating cycle from high speed low pressure to low speed hig 
pressure. 


MAXIMUM CAPACITY 10,000 P.S.I. 

Safety overload valves—Hard chrome plated pistons— Piston 
stroke 1'4 inch—Oil capacity 150 cu in or larger—5 models: 
(V9* -38"), сути") Су") 1%"), (5/16"- n. (Yy"-2%") 


Special engineering counsel and proposals cheerfully submitted 
on request. Ask for Catalog #555. 


Representative areas available 


Star Jack Co., Inc. 
420 Lexington Ave., New York 17 


PLANT: RIVER GROVE, ILLINOIS 


NEW Double. Seat * BALL VALVES 
IMPROVE 
YOUR 
PRODUCT 
PERFORMANCE 


New JAMESBURY Double-Seal ball valves improve your 
product performance due to round flow, minimum friction loss 
and extra long life. Available in naval bronze, aluminum, stain- 
less and carbon steel . . . . Seats and seals available Buna-N, Hy- 
palon, Silicone or Teflon.... For high vacuum and pressures of 
300, 600 or 1200 psi in either direction .... 


turn operation . . . 


Low torque quarter 
. Sizes from 4" to 2"... . Handles a wider 
range of liquids or gases than any other valve. 

Write for full information. Engineering recommendations 


immediately available. 


Please address your inquiries to 


JAMESBURY CORP. 
62 Millbrook St. 
Worcester 5, Mass. 
Manutacturers of Hydraulic Devices 
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Catalogs and Bulletins continued 


(V-52) WATER HEATING AND COOL- 
ING EQUIPMENT — Catalog GK-954, 
24 pp, provides cross-sectional draw- 
ings, curves, specification data on 
pumps, pump parts, boosters, fittings, 
valves, control systems. Bell & Gossett 
Co., Morton Grove, IIL 


(V-53) GRAPHITE CENTRIFUGAL 
PuMPS—Bulletin No. 854, 8 pp, cov- 
ers standard models of these pumps, 
ranging from 25 to 2000 gpm at 20 
to 100 ft head. Also includes detailed 
parts drawings, accurate dimensional 
drawings and performance charts for 
each model. In addition, chemical and 
physical properties of graphite used 
are listed. Falls Industries, Inc., 31829 
Aurora Road, Solon, Ohio. 


(V-54) HYDRAULIC CYLINDERS — 
Bulletin 54-68, 8 pp, has cutaway pho- 
tographs, installation drawings for 
each of five cylinder mounting styles 
available. Chart provides all cylinder 
dimensions for standard bore sizes 
from 11^ to 6 in. Vickers, Inc, 1400 
Oakman Blvd, Detroit 32, Mich. 


(V-55) STEAM AND AIR TRAPS— 
Bulletin, 4 pp, describes low pressure 
steam traps for 15 and 35 psi service. 
Angle, offset, offset swivel, straight- 
way, inverted bucket and float and 
thermostatic traps, packless and modu- 
lating valves, air vents and connect- 
ing spuds of various matching lengths 
are included. C. E. Squires Co., 18502 
Syracuse Ave. Cleveland 10, Ohio. 


(V-56) STAINLESS STEEL VALVES— 
Booklet, 15 pp, Engineering drawings, 
tables detail construction, dimensions, 
characteristics of globe and stop valves. 
Associated Valve and Engineering 
Co., 1150 W. Marquette Road, Chi- 
cago 21, Ill. 


(V-57) AIR-POWERED SOLENOID 
VALVE — Bulletin AV300R, 8 pp, 
shows installation photographs, and 
describes in detail all parts and func- 
tions of this air control unit, including 
dimensional drawings and specification 
data. Bellows Co., 222 W. Market St., 
Akron, Ohio. 


(V-58) LUBRICATORS— Booklet, Á pp, 
contains curves, engineering draw- 
ings, tables and descriptions of oil fog 
lubrication systems and equipment. 
C. A. Norgren Co., 3428 S. Elati St., 
Englewood, Colo. 
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Reciprocating Rotary Actuator 


Completely sealed and self-contained, the Hydromotor 
is a simple, dependable, maintenance-free source of 


reciprocating rotary power, installable anywhere . . . 


at any angle. 

Using any hydraulic medium, the Hydromotor de- 
velops instant, full torque in either direction through 
any are up to 280° . . . may be stopped at any point, 
reversed, speeded up or slowed down by simple controls. 
Standard models develop 150 to 300,000 inch pounds 
torque at 1,000 p.s.i. input. Two vane models, same 
size, afford double torque values through ares to 100° 
—all based on 1,000 p.s.i. oil supply. 


Write for Name of 
Agent Nearest You 


RECIPROCATING 
ROTARY POWER 


or already custom-built. Outlin 
requirements and . . 


Let us show YOU how Bonnot Hydromotor 
can help increase YOUR product efficiency 
or lower YOUR plant operating costs. 


For complete application and 


data, write for Hvdromotor Bulletin 521 


... OR SUBMIT DETAILS OF YOUR 
SPECIFIC NEEDS. 





AA 47 
the LENT -RING TUBE FITTING 


Ј.1. С. APPROVED 
NO METAL TO METAL SEAL SEAL AND GRIP ARE 
SEPARATE 
NOT NECESSARY TO CUT 
TUBE SQUARE HELD BY FRICTION GRIP 
OF THESE TWO 
NO CONCENTRATION OF 


STRESSES DUE TO FLARES NO EXACT TUBE LENGTH 
OR FERRULES FOR TUBE FAILURE NECESSARY 


DO YOU KNOW ABOUT 
LENZ REDUCER COUPLINGS? 


у 1 ; AUS iw a AU 2 co A» 
Reducer couplings ore adapters for standard га ax ne friction grip up to bursting pressure ot tubing. | 
x ee P ARES Moe aea such] j Pes * 
bodies, making possible line reductions on — FITTINGS AKE THE JOB AS SIMPLE ASAE c 
any leg by use of stondard odopters ond EV. 


обери э, LENZ COMPANY 


3307 KLEPINGER RD., DAYTON 1, OHIO 
ORegon 9364 


IUD MEM "Lr o" 


r 
Rotary P pORTING ТҮРЕ 
M 


1, SEAL RING — of 
special carbon- = 
graphite. Eliminates OPEN JOINT PERMITS "CJ" WIPER’S CLOSED 
packing and eiling. A STREAK OF DIRT JOINT KEEPS THE 
AT JOINT OPENING ENTIRE ROD CLEAN 

For those dry operations requiring absolute freedom from dust or dirt 
passing through joint of ring to bearings or packings, we have especially 
2. GUIDE — Also of | designed—the 
carbon- graphite. 


Makes joint self- FALL WIPER RING with Closed Joint 


supporting. (our P/N-FWR-CJ) 


In addition to the above, and since 1944, we have also manufactured 
For Army and Navy Use the 3 Piece FALL WIPER RING 


4. SPRING — For 3. NIPPLE — Rotates FWR-3C 
initial seating only. with roll, seals и Mil-S-5049, AN uet Му part numbers from AN6231A!, 
In operation joint is against ring. ", to AN6231A71, 13", diameter. This ring consists of 3 pieces 
pressure «ecled assembled into one . . (1) а опе-ріесе Split Wiper Ring (Body) with 2 
~ * | flanges or groove in its O.D; (2) a one-piece split compressor spring 
Intern 1 | assembled in groove (3) and endless cover band 
: й ; 4 surrounding spring in groove which causes squeeze 
p ar п E For introducing steam and liquids into Cover grip T on -— - è 
rotating rolls and cylinders, there's ueeze Grip Action 
nothing like the Johnson Joint above. Does It—patented 
It's packless, self-lubricating, self-ad- à нло 20 мио ро н Sen 
justing, self-supporting. It has been ШИ tension of spring under endless 
adopted by dozens of machinery makers, and is finding ANN cover band. Rods or pistons 
new uses every day > е stick or become im- 
ч | mobile in any temperature. 
Туре SB shown handles both steam and condensate through same | on bn a= ay ze 
head; also available for through flow service, and in sizes and styles problem. Write, wire or phone 
for all operating conditions. Write for literature. | us. 


Ace Products Co., Toledo 1, Ohio 


~ Johnson Corporation А Fall )/ Ring жаы Phone Cherry 36513 


by patents issued 
813 Wood St., Three Rivers, Mich. «49 





Covered 
LOADED and patents pending. 
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Catalogs and Bulletins continued 


(V-59) PRESSURE VESSEL CONNEC- 
TIONS AND MANWAYSs—Catalog 10- 
53, 70 pp, data on connections, man- 
ways, necks, nozzles, Lenape Hydraulic 
Pressing & Forging Co. Dept. 138, 
W. Chester, Pa. 


(V-60) AIR FiLTERS— Bulletin 135, 4 
pp, describes filtering units designed 
for stationary and portable engines, 
and compressors. American Air Filter 
Co., Inc., Louisville 8, Ky. 


(V-61) FLUID POWER EQUIPMENT— 
Bulletin 10051-D, 12 pp, describes 
pumps, motors, transmissions, Cylinders 
and valves. Details on a new electric- 
hydraulic servo control system for 
pumps and transmissions of up to 150 
hp are included. Oilgear Co., 1571A 
W. Pierce St, Milwaukee 4, Wis. 


(V-62) PiLOT-TYPE RELIEF VALVES 
—Catalog Sheets illustrate use, opera- 
tion and design of these valves. Cross 
sectional drawings, a typicil installa- 
tion diagram and a table showing op- 
erating performance are provided. 
Fluid Controls, Inc, 1284 N. Center 
St, Mentor, Ohio. 


(V-63) AIR MOTORS AND VALVES— 
Bulletin SP 50, 28 pp, has 75 illustra- 
tions and 27 specifications charts. Bel- 
lows Co., 222 W. Market St., Akron, 
Ohio. 


(V-64) HYDRAULIC AIRCRAFT PUMP 
—Brochure 504, 4 pp, describes 3000 
psi variable delivery pumps, including 
sizes delivering from 2 to 10 gpm at 
1500 rpm with speeds to 4500 rpm. 
Large colored cutaway drawing of the 
pump explains design and functioning 
of working parts. Information on pres- 
sure regulation lubrication, priming, 
hydraulic fluid, installation and main- 
tenance also provided. New York Air 
Brake Co., Starbuck Ave., Watertown, 
N. Y. 


(V-65) INDUSTRIAL HOSE AND FIT- 
TINGS—Catalog, 103 pp, indexed with 
engineering information for proper 
estimating, installation, testing proce- 
dures. Individual sections describe one, 
two and three-wire hose, fabric-rein- 
forced hose, couplings, adapters, un- 
ions, check valves and other fittings. 
Available sizes and styles, together 
with bursting strengths are included. 
Anchor Coupling Co., Inc., E. Church 
and 4 St., Libertyville, Ill. 


| 


| Unique Design Develops 
` New Uses for 
Miehle-Dexter Blowers 


Exclusive three-lobe construction allows pressures up 
to 14 psig., without increasing size, weight or cost 


AS SIMPLE AS IT IS, three-lobe con- 
struction represents a tremendous 
asset to many of our customers. It 
allows engineers to fit these blowers 
in their designs with a minimum of 
space and weight, still achieving pres- 
sures as high as 14 psig. from a stand- 
ard unit. 


DESIGNERS LIKE two additional ex- 
clusive features of the M-D Blower. 
These features practically eliminate 
service worries, provide savings in 
operating and maintenance costs: 
1. Patented rubber-grid seals are 


vulcanized to end plates to 
eliminate metal-to-metal con- 


Rotary Positive M-D Blower delivers fixed volume of clean, dry air at each impeller revolution. 


THAT'S WHY THE AIRCRAFT INDUSTRY 
developed a new use for Miehle- 
Dexter Blowers. There, powerful jet 
engines require mobile ground power 
equipment. The need is for air to 
start these engines, air with the veloc- 
ity of a super-hurricane. Most manu- 
facturers of ground power equipment 
now specify Miehle-Dexter Positive 
Displacement Blowers for their 
equipment. 


CAPACITY CURVES FOR 6 PIG DELI 


< 


"| 


+ 


ESSURE 


EI LLL LLLI LL] 
Sce. 


WESSSSS 


IPEEELTTTITTITTTTITTTTTE 
ҮТҮ 


Lo 
mau $EBHDHREBTENEBEB 
Perth TT Till 
“К ТТТ 


Typical capacity curve for 6 psig. delivery pres- 
sure. Standard sizes available to 4000 cfm. Pres- 
sures to 14 psig. (60 psig. by multi-staging) 
Vacuum to 15” hg. 
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tact, reducing wear and ex- 
tending service life. 

2. Formica wear strips are rolled 
into tips of rotor lobes, permit- 
ting practically zero clearance 
between lobes and housing. 

MIEHLE-DEXTER BLOWERS are versatile, 
providing air or gas for hundreds of 
applications. Used in oil fields and 
on air fields, on processing and com- 
pressing equipment. Typical uses are 
for agitation, aeration, cooling, venti- 
lating, pneumatic conveying, vacuum 
cleaning. ‘Thousands used as super- 
chargers on diesel and gasoline engines. 
LET MIEHLE-DEXTER PROVE how M-D 
Blowers simplify operations, save 
weight and space, require little or no 
maintenance, and reduce costs. Write 
for Bulletin No. 255 


400. 


Supercharger 


DEXTER 


Division 


Dexter Folder Company 
111 Fourth St., Racine, Wisconsin 





Ф SINCE 1926 € in the application, design and Mig. 


ef pumpe—eeparetors—hydreulic accessories. Betcha we ma ke it | 


FLUID HANDLING — M its e float operated VALVE 
— or a float operated SWITCH 


EQUIPMENT 
IF YOUR product involves a float- 


Ne up to 28 f mer- operated — or float-operated 
; cp wi range switch, chances are we have just 
depending on cooling system. what you need to perform the func- 
tion you require . . , always better 

and usually at lower cost. 

We can give you an almost end- 
less variety of float-operated valves 
for automatically feeding almost 
any liquid to maintain levels, sup- 
ply, make-up, etc, They cover a 
wide range of working pressures 
and feeding capacities, 

Ask for Bulletin A-1289 We can also supply an even wider 
eeeee variety of float switches . . . for 
Desi © а stopping and starting heat sources; 4, 
chanical suction controlling pumps, and so on down 
— = the list. We even make explosion- 
printing and pock- proof types (Underwriters Ap- 
aging machinery proved) for use in the presence of 
fields. explosive vapors, 

E jS The McDonnell catalog lists 
more than a hundred variants 
°*ө оо ө ө ө ө ө ө ө ө ө of our products. It's a must to 
designers of products involving 

OEM opplicotions requiring automatic valves or switches. 
specialized design for prob- M*DONNELL & MILLER, INC. 
lem liquids. 3500 N. Spaulding Ave., Chicago 18, 111. 


A built-in type of liquid 
feeder. We make more 
than 30 types. 


к. 
= 


explosion-proof 
float switch. We make 
more than 50 kinds. 


Ask for Bulletin A-1344 
end A-1401 


Direct —— a 

mps genera 
— circulation 
of oil. High suction 


—— — PROTECT PRECISION PARTS OF 


P — sa eens 6:6 FILTER REGULATOR 
Class 34 Circulators КоЛ AIR 


Enclosed impeller type centrifugal pumps with ball " 
i desi for both vertical ond horizontal 0 ED 

SON. "Rak fer Balledin A-183) PERA 7 

e 9090999 9 9 9? * ө ө ө " 


General line of fue IB ua APPLIANCES 
oil pumps — direct E 4 F А { 
connected for light ; : | e 

oils, reduction f "am “я * M 

SE i quai. to d LUBRICATOR 

dustrial oil applica- 

tions. Sizes V4" to 6”. 


Ask for 
Bulletin A-1193 


Autopneumatic 


CONTROL ASSEMBLY 
Am INDIVIDUAL UNITS 


Prevent excessive wear and corrosion to Precision Parts 


This latest development by ARROW provides com- 
plete automatic control] for all applications of com- Pipe Line 
| — air on pneumatic p or спау. Re Sizes 
rA ilter traps moisture, pipe scale, dirt, and rust. e * » 
eh ا‎ qoi unen ал Kk 3 ‘ Drain Trap collects moisture from the filter and elimi- Va" — У" 
hi Ра ТЕ sli uu bod nates perioidic draining. The Regulator gives de- !4'" — 34" 
hinted КЕР рн р Е I sired pressure. The Lubricator adds an oil mist to 
tories. by rwriters e- : the cleansed air. This di mist ia cms P 
ызы a all working parts of air-operated equipment w 
Bulletins A-1214, 1430, 1431 m reduces maintenance, repair, and down time to the 
| very minimum. 
| € Write for Catalog and Literature. 
JTHE KRAISSL COMPANY 
INCORPORATED 


ROY roots inc. 


1914 S. Kostner Ave., Chicago 23, Ill. 
299 WILLIAMS AVE., HACKENSACK, N. J. 
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USE TIME-SAVING COUPONS BELOW 


... to request further information on 
all products advertised in this Handbook Section 


... to request your copies of product catalogues 
and bulletins listed and described in this section 


(You will find similar coupons at the end of each Handbook Section ) 


CONSULT THE PRODUCT INDEX If you have specific questions to ask about any 
beginning on Page 12, when you product advertised, a letter direct to the manu- 
want all available information on facturer, at the address given in his advertise- 
a particular type of product: this ment, will be welcome. For clarity and prompt 
Product Index is your guide to all service, include reference to Product Engineer- 
advertisements in this Handbook ing's Product Design Handbook issue for 1956, and 
issue by manufacturers of this page number of advertisement prompting your 
type of product. letter. 


CIRCLE THESE NUMBERS FOR FURTHER INFORMA- CIRCLE THESE NUMBERS FOR FURTHER INFORMA- 
TION ABOUT ADVERTISERS APPEARING IN THIS TION ABOUT ADVERTISERS APPEARING IN THIS 
SECTION SECTION 


J30 J31 32-3 J345 J36-7 J38-9 740-1 J30 J31 J323 J345 J36-7 J38-9 ]40-1 
]42 M3 144 J45 J46 J47 J48 J42 J43 J44 J45 J46 J47 J48 
J49 Ј50 J51 J52 J53 J54 J55 ]49 J50 J51 J52 J53 J54 J55 
J56 ]57 ]58 J59 J60 161 J62 J56 J57 J59 J60 J61 J62 
J63 J64 J65 J66 J67 J68 J70 J63 J64 J66 J67 J68 J70 
J71 J72 J74 J75 J76 J77 J71 J72 J74 J75 J76 J77 
J78 J79 JBL80 781 JTL82 JBL82 J78 J79 JBL80 J81 JTL82 JBL82 
J83 JL84 JBR84 J85 J83 JL84 JBR84 J85 JT86 JBL86 
JBR86 J87 JBR86 J87 JTR88 JBR88 


CIRCLE THESE NUMBERS FOR YOUR COPY OF CIRCLE THESE NUMBERS FOR YOUR COPY OF 
BULLETINS LISTED IN THIS SECTION BULLETINS LISTED IN THIS SECTION 


v2 v3 V4 v5 V6 V7 vı v2 v3 V4 v5 V6 v7 
v9 V10 Vil V12 V13 V8 v9 V10 Vil V12 V13 

V16 V17 vis V19 V20  V21 vis \у16 V17 V18 V19 v20  V21 
V23 V24 V25 V26 V27 ¥28 V22 V23 V24 V25 V26 v27 V28 
узо V31 V32 V33 V34  V35 V29 V30 V31 v 32 V33 V34  V35 
V37 V38 V39 V40 V4Al  V42 V36 V37 V38 V39 V40 v4Al V42 
V44 Vas V46 V47 V48 V49 V44 V45 V46 V47 V48 V49 
v51 V52 V53 V54 v55 V56 v51 v52 V53 v54 v55 v56 
V58 V58 


For specific information about products: For specific information about products: 





The reason more 
product-design engineers 
subscribe to 

Product Engineering 
than to any other 


design magazine 


an the world... 


EVERY MONTH IT BRINGS THEM 
PUBLISHING’S MOST COMPLETE REPORTING ON NEW 
AND SIGNIFICANT DEVELOPMENTS IN PRODUCT DESIGN 


... plus the exclusive 
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